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Abstract 
Competition plays a crucial role in structuring a coral reef. One of the major 
competitors to coral is algae. Phase shift from scleractinian coral dominant to algae has 
been reported in many places in some tropical reefs, this indicates that algae has a 
potential ability to out-compete corals. 
In this research, competition of corals with different kinds of algae was monitored in A 
Ma Wan (AMW) and A Ye Wan (AYW) in Tung Ping Chau, HKSAR, starting from the 
summer of 2000. Three kinds of competition of observed, they are between corals and 
fleshy macroalgae, corals and filamentous algal turf, corals and encrusting crustose 
coralline algae (CCA). 
A general survey was conducted seasonally from 2000 to 2002, it showed that the fleshy 
macroalgae appeared only seasonally in winter-spring, the algal coverage in that period 
reached up to 45% in -2mCD in AMW and 35% in -3mCD in AYW. These algae 
drifted against the current and over the coral surfaces, they competed with the corals for 
space, light and nutrients. Apart from this direct interaction, these algae also affected the 
corals physiologically. By the measurement of the photo synthetic efficiencies of the 
corals by a pulse amplitude modulated flurometry, the photosynthetic ability of the coral 
was found significantly lower in March 2001 and February 2002 and March 2002. 
However, the drop in the photosynthetic yield of the corals had the ability to rise back to 
ii 
normal range after that, which implied that this physiological damage to the coral was 
not permanent. The effect of this drifted algal mass to the reduced photosynthetic ability 
of the coral was further verified by a manipulation experiment using a cage to enclose 
the corals and the algae. 
Interaction between corals and algal turf; corals and CCA was also monitored using 
permanent quadrat video taping method. The growing of the algal turf and the CCA on 
the coral surfaces was monitored from April 2001 to April 2002. By counting the 
number of squares inside quadrat, 73 squares out of 151 contributing 48.34% showed 
that algal turf growing over the corals, 66 squares out of 151 contributing 43.71% 
showed that coral growing over the turf algae. In the interactions between coral and 
CCA, 14 squares out of 58 contributing 24.14% showed that CCA growing over corals. 
20 squares contributing 34.48% was that coral growing over the CCA. 18 squares 
comprising 31.03% was that CCA was overgrown by turf algae. The results showed that 
CCA in Tung Ping Chau was not a strong competitor compared with algal turf. These 
general observations provided the baseline information about coral and algal 
interactions. Further studies need to be carried out in order to illustrate the detailed 





































List of Tables ix 
List of Figures xi 
Chapter 1: General Introduction 
1.1 Introduction 1 
1.2 The distribution and growth of coral and algae in Hong Kong 3 
1.3 Objectives 6 
1.4 Study Site 7 
1.5 Coral species chosen for the experiment 10 
1.6 Thesis outline 11 
Chapter 2: General Survey on Changes in Percentage Coverage of 
Coral and Fleshy Macroalgae in AMW and AYW, Tung 
Ping Chau, over Time 
2.1 Introduction 18 
2.2 Methods and Materials 26 
2.2.1 In-situ survey methods 26 
2.2.2 Comparison of coral cover in the presence or 
absence of algae 26 
2.2.3 Environmental parameters 27 
2.2.4 Image, data and statistical analysis 28 
2.3 Results 28 
2.3.1 Coral coverage in AMW and AYW 28 
2.3.2 Percentage algal cover in AMW and AYW 29 
2.3.3 Dominating fleshy algal species in AMW and 
AYW 30 
2.3.4 Comparison of the coral coverage before and 
after the algal removal 30 
2.3.5 Water temperature 31 
2.3.6 Nutrient levels 32 
2.3.7 Further observation on the health of the corals 
during fleshy macroalgal bloom 34 
2.4 Discussion 35 
X 
Chapter 3 The Effects of Algal-Coral Interactions on the 
Photosynthetic Ability of the Coral, Pontes lobata 
in AMW and AYW, Tung Ping Chau 
3.1 Introduction 59 
3.2 Methods and Materials 66 
3.2.1 Settings of the permanent corals 66 
3.2.2 Measurement of the seasonal changes 
in the photosynthetic ability of the corals 66 
3.2.3 Measurement of the diurnal changes in the 
photochemical efficiency of Porites lobata 67 
3.2.4 Correlation of quantum yield with the 
zooxanthellae density and the chlorophyll a 
concentrations 68 
3.2.5 Evaluation of zooxanthellae and chlorophyll-a 
densities 68 
3.2.6 Statistical analysis 69 
3.2.6.1 Monthly measurement of the photosynthetic 
ability of the corals 69 
3.2.6.2 Diurnal measurements of the photosynthetic 
ability of the corals in May and July 2002 70 
3.2.6.3 Relationships between quantum yield and 
zooxanthellae and chlorophyll a concentrations 70 
3.3 Results 70 
3.3.1 The photosynthetic activities of corals 70 
3.3.2 The photochemical quenching (qP) of the corals 72 
3.3.3 Diurnal fluctuations in the photosynthetic ability 
oi Porites lobata and the Photo synthetically Active 
Radiation (PAR) 73 
3.3.3.1 Photosynthetic quantum yield of Porites lobata 74 
3.3.3.2 Diurnal changes in the Photosynthetically 
Active Radiation (PAR) 75 
3.3.4 The relationship between the photosynthetic 
ability of the corals and their chlorophyll-a and 
zooxanthellae densities 76 
3.3.5 Correlation between photosynthetic activities 
of corals and eenvironmental parameters 76 
3.3.5.1 Heights of coral colonies 76 
vi 
3.3.5.2 Photo synthetic ability of the corals and 
the presence of the drifting algae 77 
3.3.5.3 Photo synthetic ability of the corals and 
sea water temperature 77 
3.4 Discussion 78 
3.4.1 The photosynthetic activities of the corals 78 
3.4.2 The photochemical quenching of the corals 80 
3.4.3 Diurnal changes in the photosynthetic efficiencies 
of the P. lohata 81 
3.4.4 Relationship between the fluorescence yield 
and the chlorophyll-a and zooxanthellae densities 82 
Chapter 4 The effects of drifting fleshy macroalgae on the corals: 
A caging manipulation of their effect on the photosynthetic 
activities of the corals 
4.1 Introduction 114 
4.2 Methods and Materials 115 
4.2.1 Setting up of the cages 115 
4.2.2 Setting up of the corals 116 
4.2.3 Measurement of the photosynthetic activities 
of the corals 117 
4.2.4 Data and statistical analysis 117 
4.3 Results 117 
4.3.1 The photosynthetic ability of the corals under 
different treatments 117 
4.3.2 The photosynthetic activities of different regions 
of the corals in each treatment 119 
4.4 Discussion 120 
Chapter 5 Interactions between corals, filamentous algal turf 
and encrusting coralline algae in Tung Ping Chau 
5.1 Introduction 135 
5.2 Methods and Materials 13 8 
5.3 Results 139 
5.3.1 Coral-algal turf interactions 139 
5.3.2 Coral-coralline algae interactions 140 
vii 
5.3.3 General observations on the growth of the 
algal turf and the CCA on corals 141 
5.4 Discussion 141 
Chapter 6 Summary and Perspectives 152 
References 156 
viii 
List of Tables 
Table No. Title of Table Page 
Table 2.1 The results of Kruskal Wallis One way ANOVA, testing for 40 
the difference in the coral and algal coverages between 
different seasons in AMW and AYW. 
Table 2.2 Proportion (%) of different dominant fleshy algal species 41 
found at different water depths in AMW in Spring of 
2000-2002. 
Table 2.3 Proportion (%) of different dominant fleshy algal species 42 
found at different water depths in AYW in Spring 
2000-2002. 
Table 2.4 The results of the Paired T-Test, testing for the difference in 43 
the coral coverage in AMW and AYW, before and after the 
removal of the algae at each water depth. 
Table 3.1 The results of two-way ANOVA on the photo synthetic 85 
quantum yield of different regions of corals in different 
times. 
Table 3.2 Results of One way ANOVA, showing the differences in the 86 
photosynthetic ability of corals between sites under different 
conditions. 
Table 3.3 Results of Two-way ANOVA on the photochemical 87 
quenching (qP) of different portions of corals in different 
times. 
Table 3.4 Results of Pearson Bivariate Correlation on the 88 
photosynthetic ability of the corals and the radiation 
recorded within 24 hour period in May and July. 
Table 3.5 Results of Pearson Correlation showing significant 89 
correlation between the water temperature and the 
photosynthetic activities of the corals in AMW. 
ix 
Table 4.1 The photosynthetically active radiation (PAR) (|imol quanta 126 
2 1 
m_ s' ) recorded in different regions of the three corals in 
different treatment cages on 26 Feb 2002 after the addition 
of algae. 
Table 4.2 Results of two-Way ANOVA on the quantum yield of (A) the 127 
top regions and (B) the bottom regions of the corals under 
different treatments over time. 
Table 4.3 Results of two-Way ANOVA on the quantum yield of (A) the 128 
top regions and (B) of the caged and the uncaged control 
corals over time. 
Table 4.4 Results on two way ANOVA on the quantum yield in 129 
different regions of the corals over time. 
Table 5.1 The total number of squares in the quadrats that showed 146 
interaction margin between corals and (A) the algal turf and 
(B) the coralline algae, and the final observations in April 
2002 on the outcome of the interaction over a 12 month 
period. 
X 
List of Figures 
Figure No. Title of Figure Page 
Fig. 1 • 1 Map of the Hong Kong Special Administrative Region showing 15 
the location of Tung Ping Chau in the northeastern corner. 
Fig. 1.2 An aerial photo of Tung Ping Chau showing the two sites, AMW 16 
and AYW. 
Fig. 1.3a Photo showing the general growth form of Porites lobata in Tung 17 
Ping Chau. 
Fig. 13b Close up on the Porites lobata showing the polyps. 17 
Fig. 2.1 The mean percentage cover of live coral (±SD) at different depths 44 
in AMW from 2000 to 2002. 
Fig. 2.2 The mean percentage cover of live coral (士SD) at different depths 45 
in AYW from 2000 to 2002. 
Fig. 2.3 The mean percentage cover (土SD) of algae at all depths in AMW 46 
from 2000 to 2002. 
Fig. 2.4 The mean percentage cover (士SD) of algae at all depths in AYW 47 
from 2000 to 2002 
Fig. 2.5 Comparison of the mean coral coverage (±SD) before and after the 48 
removal of the algae at different depths in (A) AMW and (B) 
AYW in spring 2002. 
Fig. 2.6 Mean water temperature (士SD) in shallow and deep water regions 49 
in AMW from Dec 1999 to Feb 2002. 
Fig. 2.7 Mean algal cover (+SD) in AMW from 2000 to 2002, compared 50 
with the water temperature (±SD) recorded in the same site over 
the same period. 
xi 
Fig. 2.8 Mean nitrate concentration (士SD) in A. AMW from 1999 to 2002 51 
and B. AYW from 2000 to 2002. 
Fig. 2.9 Mean nitrite concentration (±SD) in A. AMW from 1999 to 2002, 52 
B. AYW from 2000-2002. 
Fig. 2.10 Mean phosphate concentration (士SD) in A. AMW from 1999 to 53 
2002, B. AYW from 2000 to 2002. 
Fig. 2.11 Mean percentage of algal cover (+SD) at different depths in AMW 54 
from 2000 to 2002, as compared with the mean seawater nutrient 
concentrations (士SD) measured over the same period. 
Fig. 2.12 Mean percentage of algal cover (+SD) at different depths in AYW 55 
from 2001 to 2002, as compared with the mean seawater nutrient 
concentrations (士SD) measured over the same period. 
Fig. 2.13 Observations on the health of the coral Pontes lob at a exposed to 56 
seasonal algal bloom. 
Fig. 2.14 A section of the skeleton of the coral Pontes lobata showing a 57 
barnacle skeleton buried inside. 
Fig. 2.15 Winter coral bleaching observed in Porites lobata during the 58 
seasonal algal bloom. 
Fig. 3.1 Principle of fluorescence quenching analysis by saturation pulse 90 
performed by the Diving PAM 
Fig. 3.2 The Underwater Pulse Amplitude Modulated Flurometry. 91 
Fig. 3.3 The photosynthetic quantum yield of corals in AMW(士SD) in (A) 92 
shallow water and (B) deep water. 
Fig. 3.4 The photosynthetic quantum yield of corals in AYW (士SD) in (A) 93 
shallow water and (B) deep water. 
xii 
Fig. 3.5 The photosynthetic quantum yield (±SD) of the top region of the 94 
corals in shallow water in AMW and AYW. 
Fig. 3.6 The photosynthetic quantum yield (±SD) of the middle region of 95 
the corals in shallow water in AMW and AYW. 
Fig. 3.7 The photosynthetic quantum yield (土SD) of the bottom region of 96 
the corals in shallow water in AMW and AYW. 
Fig. 3.8 The photosynthetic quantum yield (土SD) of the top region of the 97 
corals in deep water in AMW and AYW. 
Fig. 3.9 The photosynthetic quantum yield o(±SD) of the middle region of 98 
the corals in deep water in AMW and AYW. 
Fig. 3.10 The photosynthetic quantum yield (士SD) of the bottom region of 99 
the corals in deep water in AMW and AYW. 
Fig. 3.11 The mean photochemical quenching (±SD) of the corals in (A) 100 
shallow water and (B) deep water in AMW. 
Fig. 3.12 The photochemical quenching (±SD) of the corals in (A) shallow 101 
water and (B) deep water in AYW. 
Fig. 3.13 Diurnal changes in the mean photosynthetic activities (士 SD) of the 102 
top region of the three colonies of Porites lobata (A, B, & C) from 
0700 to 1900 hrs in May 2002, and changes in the underwater 
PAR over the same time period. 
Fig. 3.14 Diurnal changes in the mean photosynthetic activities (SD) of the 103 
bottom region of the three colonies of Porites lobata (A, B, & C) 
from 0700 to 1900 hrs in May 2002, and changes in the 
underwater PAR measured over the same time period. 
Fig. 3.15 Diurnal changes in the mean photosynthetic activities (士SD) of the 104 
top region of the three colonies of Porites lobata (A, B, & C) from 
0700 to 1900 hrs in July 2002,, and changes in the underwater PAR 
measured over the same time period. 
xiii 
Fig. 3.16 Diurnal changes in the mean photosynthetic activities (士SD) of the 105 
bottom region of the three colonies of Porites lobata (A, B, & C) 
from 0700 to 1900 hrs in July 2002, and changes in the 
underwater PAR measured over the same time period. 
Fig. 3.17 Comparison of the underwater PAR irradiance recorded at 106 
different levels in May and July 2002. 
Fig. 3.18 The non-linear relationship between the photosynthetic quantum 107 
yield (AF/Fm’）and the zooxanthellae density of 15 coral samples. 
Fig. 3.19 The linear regression between the photosynthetic quantum yield 108 
(AF/Fm) and the chlorophyll-a concentrations of the coral 
samples. 
Fig. 3.20 The relationship between the photosynthetic activity of the corals 109 
in shallow water in AMW and their height. 
Fig. 3.21 The relationship between the photosynthetic activity of the corals 110 
in shallow water in AYW and their height. 
Fig. 3.22 The photosynthetic activities of the corals in the shallow water 111 
(middle graph) and in deep water (bottom graph) in AMW in the 
presence of algal cover over the same period. 
Fig. 3.23 The photosynthetic activities of the corals in the shallow water 112 
(middle graph) and in deep water (bottom graph) of AYW in the 
presence of algal cover over the same period. 
Fig. 3.24 The relationship between the water temperature and the quantum 113 
yield of different portions of corals in (A) shallow water and (B) 
deep water in AMW. 
Fig. 4.1 Picture of a cage used for this experiment for the enclosure of the 130 
coral and algae. 
Fig. 4.2 The setup of the cages. 131 
xiv 
Fig. 4.3 The quantum yield of the top region of the corals in the treatment, 132 
caged and uncaged controls. 
Fig. 4.4 The quantum yield of the bottom region of the corals in the 133 
treatment, caged and uncaged controls. 
Fig. 4.5 The quantum yield of the top and the bottom regions of the corals 134 
under different treatments. 
Fig. 5.1 The results of the coral-algal turf interactions from April 2002 to 147 
April 2002. 
Fig. 5.2 Two series of pictures (top two and bottom two) showing the 148 
outcome of the coral-algal turf interactions in which the turf algae 
(with circles) had increased their area over the coral at the end of 
the study period. 
Fig. 5.3 Two pictures showing the same coral-algal turf interaction zone in 149 
April 2001 (top) and in November 2001 (bottom). 
Fig. 5.4 The results of the coral-coralline algae interactions from April 150 
2001 to April 2002. 
Fig. 5.5 Series of photos showing one of the same squares in the 151 






Competition is an important ecological process that determines the structure and 
composition of a coral reef (Lang & Chornesky 1990, Karlson 1999). It occurs not 
only inter- and intraspecifically among the corals themselves, but also between corals 
and other benthic organisms. Studies on the competition between scleractinian 
corals and sponges (Plucer-Rosaria 1987, Vincente 1990, Rutzler & Muzik 1993, 
Aerts 1998), corals and tunicates (Bak et al. 1981, 1996), sea anemone (Sebens 
1987), soft corals (Sammarco et al 1985), as well as other invertebrates mostly 
reported the overgrowth of the corals by the competitor that subsequently resulted in 
their death. 
Algae appear to be one of the major competitors in a reef system. Many studies 
have monitored the interactions between corals and algae, both under natural 
conditions of contact or under manipulated conditions. Crossland (1981) carried 
out a natural experiment with the presence and absence of the fleshy algae 
Sargarssum, Turbinaria etc., and showed that the branching corals Acropora and 
Pocillopora have their growth rate reduced in the presence of algae. Some 
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examples of manipulation experiments include algal removal treatment by Hughes 
(1989). His findings showed that coral colonies bleached or died in places of 
contact with macroalgae. Tanner (1995) also conducted algal removal manipulation. 
He showed that algae reduced the coverage, growth and fecundity of Acropora spp. 
and Pocillopora spp. Miller & Hay (1998) used herbivory exclusion cages to 
examine the growth of corals. Their findings indicated that the coral Porites pontes 
showed reduced growth rate in the presence of algae. All these works showed that 
macroalgae were capable of overgrowing the scleractinian corals. The encounter 
between them often resulted in algae winning the competition (Chadwick 1988; 
Hughes 1989). Algae can adversely affect the corals by abrasion (Coyer et al. 1993) 
and pre-emption of space (Hughes 1989). In some cases, however, corals can be 
weakened by some unrelated factors like bleaching, corallivory and disease, allowing 
them to be colonized by algae eventually (McCook et al. 2001). Nevertheless, there 
are, other studies that showed the results to the contrary. Littler & Littler (1997) 
showed that coral recruits can overgrow turf algae in the interactions between 
Acropora and the filamentous turf. McCook (2001) also showed that algal turfs 
appeared to have little or no effects on the corals, but vice versa, with the turfs being 
significantly inhibited by the corals. 
2 
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Reefs dominated by fleshy algae have been increasingly reported in many places in 
the Great Barrier Reef (Done 1992) and in the Caribbeans (Hughes 1994, 
McClanahan et al. 1999). Degradation of the reef resulted in a "phase shift" in 
which the abundance of the corals declined and the reef became dominated by 
macroalgae. This kind of phase shift was attributable to nutrient overload and 
reduced herbivory by fish, sea urchins or other organisms. These factors cause the 
increase in algal growth, followed by an increased degree of competitionby the algae. 
Large abundance of algae would then compete with the corals intensely. This kind 
of phase shift is a result of the change in the composition of the whole reef 
community. It is therefore important to understand more about the interactions 
between the corals and the algae. This understanding could help to assess the status 
of the coral reef and to evaluate its fate in the near future. A more comprehensive 
review on the mechanisms and competitions between corals and algae in the coral 
reef worldwide is given in McCook et al. (2001). 
1.2 The distribution and growth of coral and algae in Hong Kong 
Hong Kong is located in the subtropical area where the water exhibits marked 
seasonal temperature changes. The average summer water temperature of about 
28°C can drop to as low as 14 °C in winter. With the estuarine influence of the Pearl 
J 
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River discharge to the west that is coupled with high sedimentation rate, this imposes 
a serious constraint on the distributions of Hong Kong corals. Most of the 
scleractinian corals are therefore confined within the eastern and the northeastern 
shores of Hong Kong, where the water is less turbid and the influence of the 
estuarine discharge from the Pearl River is minimal. Coral distribution, species 
richness and diversities within Hong Kong waters are highest in the northeast (Ang 
2002b). But given the environmental constraints, especially the low winter 
temperature, Hong Kong could only offer a marginal envirnoment for these corals to 
grow. Corals living here are likely to be near their limits of the physico-chemical 
tolerance for growth, survival and even reproduction. Corals in Hong Kong do not 
form extensive reef. Instead, they only form communities of various sizes in the 
nearshore area within a very shallow water region, <5m in depth. Previous studies 
identified 51 species of scleractinian corals found within Hong Kong water (Veron 
1982; Scott 1984; Zou 1982; Zou et al 1992; Clark 1998). With certain taxonomic 
uncertainty remains to be verified, this species list has grown to include 84 species of 
scleractinians belonging to 28 genera and 12 families in a most recent tally (Ang et al. 
2003). 
Marine flora studies in Hong Kong started quite early in the 30's. Comprehensive 
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studies of marine algae started in 1960’s. To date, 299 species in 122 genera of 
algae have been reported from Hong Kong (Ang 2002a). One of the main features 
of the marine flora in Hong Kong is their distinct seasonality. Shoreline fully 
covered by algae is a common sight from December to May. This, however, will 
disappear in other times of the year. The most possible reasons for this are the high 
water temperature and strong illumination during the summer period which make it 
unfavourable for most of these algal species to grow (Hodgkiss 1984). The 
distribution of algae in Hong Kong is also affected by the type of substrata and the 
degree of exposure to wave action (Hodgkiss & Lee 1983). 
Due to the seasonal appearance of marine macroalgae in Hong Kong, competition 
between corals and macroalgae would therefore occur mostly in winter and spring. 
Large amount of floating algal biomass is commonly found from January to March 
every year. This will occupy a large portion of the space in the coral communities 
and cover the corals. These drifting algae shade off the light that would otherwise 
reach the coral surfaces. They could plausibly exert stresses on other organisms in 
the community as well. Other than macroalgae, algal turfs and crustose coralline 
algae (CCA) are also often found associated with the corals, or are found on bare 
rocks. Their seasonality is less understood. They are observed even during 
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summer so they are unlikely to follow the distinct seasonality exhibited by the 
macroalgae. Their interactions with Hong Kong corals have never been studied so 
there is no information available on how their growth could affect the growth of 
corals. Phase shift in coral communities has not been reported in Hong Kong, and 
there was also no record of any nutrient overload that has caused severe macroalgal 
bloom within the coral communities. However, given that Hong Kong corals are 
growing under marginal conditions, and given that Hong Kong marine environment 
is constantly exposed to economic developmental pressure, it is important that the 
interactions between scleractinian corals and different kinds of algae, including the 
fleshy macroalgae, the filamentous algal turf and the cmstose coralline algae, be 
monitored more closely. Coral algal interaction in such a marginal environment 
may be very different from what is known in more tropical areas. An understanding 
of how coral and algae respond to such interaction may provide new insight on how 
coral community as a whole may respond to environmental perturbation. 
1.3 Objectives 
This thesis reseach project therefore, aimed at 
參 studying the interactions between scleractinian corals and different types of 
algae, including the effect of shading and abrasion exerted by the fleshy 
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macroalgae on corals, and the competition for space between algae, mainly the 
filamentous algal turf and the cmstose coralline algae (CCA), and the coral 
Pontes lute a, 
參 quantifying how the presence of the fleshy macroalgae could affect the coral's 
physiology by looking at temporal changes in coral photosynthetic activities 
under both natural and manipulated environment conditions. 
1.4 Study Site 
This research was conducted in Tung Ping Chau (22�32，，N, 114�25”E), which is an 
isolated island in the northeastern part of the Hong Kong Special Administrative 
Region (HKSAR), China (Fig. 1.1). This island has just been designated as the 
fourth Hong Kong marine park in November 2001 by the HKSAR Government 
under the Marine Parks Ordinance (Chapter 476). This island has an area of about 
l.lkm^. It is relatively far from the major residential and commercial district in 
other parts of Hong Kong. People are only able to visit the island on weekends 
when ferry transportation is available. This island is therefore relatively free from 
human disturbance. 
Extensive formation of corals can be found in the northeastern side of the island, 
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while the southwestern side is mainly made up of layers of sedimentary rock and 
large boulders. Being more exposed to waves, the southwest shoreline supports a 
good growth of macro-algae, mainly Sargassum spp. The northeastern part of the 
island and its marine environment is more affected by the north and northeast 
monsoon during winter and the southwest part is exposed to the southeast monsoon 
during summer. 
Based on the intensive underwater survey conducted in 1997 by Ang et al (2000), 
two main patches of coral communities are found around the island (Fig. 1.2). The 
more extensive one is in A Ma Wan (AMW) to the northeast, and the less extensive 
patch is in A Ye Wan (AYW) to the north of the island. The coral communities do 
not extend beyond 250m from the shore, so they exist mostly in the shallow water 
(Ang et al 2000). With 37 species of scleractinian corals recorded, the island has 
one of the highest coral diversities in Hong Kong with live coral cover >60% 
reported in some areas (Ang et al. 2000). The most dominant coral species in the 
two core coral areas are Platygyra carnosus and Platygyra acuta (previously 
identified as Platygyra sinensis), which are massive colonies reaching up to Im or 
more in height. Other dominating coral species include Porites lutea, Porites 
lobata with a coverage between 10% to 20% in AMW and AYW respectively, 
8 
Chapter 1 
Leptastrea purpurea, Leptastrea pruinosa (previously identified as Leptastrea 
purpurea), Pavona decussata, Favia sp., and Goniopora sp., with a coverage of over 
10% in the two coral patches (Ang et al. 2000). 
The intertidal and the shallow subtidal areas of AMW, AYW and the subtidal area of 
Lung Lok Shui (LLS) to the southwest (Fig. 1.2) are also dominated by marine algae. 
More than 40 species of these algae were recorded from the survey in 1997 (Ang et 
al. 2000). The most dominant species include the brown algae Sargassum 
hemiphyllum, S. glaucescens, S. patens, S. siliquastrum, Colpomenia sinuosa, Padina 
australis, P. arborescens, Lohophora variegata, Dictyota spp., the red algae Hypnea 
charoides, H. japonica, Laurencia japonica, Spyridia filamentosa, Galaxaura 
oblongata, and a few green algae including Ulva spp., Enteromorpha intestinalis and 
C aider pa racemosa. In AMW and AYW, floating biomass of Hypnea charoides or 
various species of Sargassum cover a large area of the reef bed in winter and early 
spring. Some Ulva spp. and Colpomenia sinuosa tended to grow over coral 
colonies (Ang et al. 2000). 
These two main coral patches in AMW and AYW were chosen as the study areas in 
the present thesis research. AMW is a much-enclosed bay and is farther away from 
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human disturbance. AYW is more opened. Being located next to a village, it is 
exposed to more physical and human disturbances. In these two areas, 
Sclearactinian corals are most abundant from - I m CD to -3m CD. In AYW, 
however, there is a very large sand belt along -2m CD, so the overall coral cover is 
lower than that in AMW. 
Tides in Tung Ping Chau, as well as in Hong Kong in general are mainly 
semi-diurnal. In most days within a month, there will be two high and two low 
tides of unequal height within a 24hi period. High tides usually occur in the 
evening in summer and during the day in winter whereas low tides would occur 
during day time in summer. Highest high tide can reach up to 2.3 - 2.4m above CD, 
while lowest low tide over the year is around 0.2 - 0.3m above CD. The average high 
tide over the year is around 2m above CD while the average low tide is around 0.6 -
0.7m CD. 
1.5 Coral species chosen for the experiment 
Porites lute a (Fig. 1.3a, 1.3b) is a massive coral generally with smooth surface, or 
sometimes with humps or columnar expansions on the surface. Colonies usually 
appear in hemispherical shape with corallite size being relatively small. The calices 
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are 1.5mm in diameter on average. It belongs to the Family Poritidae, and is 
probably the most common Porites worldwide. It is an important coral species in 
Hong Kong, usually forming large massive heads or sometimes encrusting on rock 
surfaces (Scott 1984, Veron 2000). 
In Tung Ping Chau, Porites lutea is a dominant species in both shallow (-Im CD) 
and deep water regions (-3m CD) and is one of the most common coral species found 
in AMW and AYW (Ang et al. 2000). Based on an initial general survey, Porites 
lutea is the coral species most commonly found to have filamentous algal turf and 
encrusting coralline algae growing on its surface. Given its high abundance and 
easy accessibility, colonies of Porites lutea are thus the most suitable experimental 
organisms for the monitoring of coral and algal interactions. 
1.6 Thesis outline 
This thesis is divided into six chapters. Each chapter is briefly outlined below: 
Chapter 1 General Introduction 
This chapter gives a brief introduction on the general information about coral and 
algal interactions. The justification and objectives of this research work are spelled 
out. A description of the study site Tung Ping Chau and the two study areas, AMW 
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and AYW, the growth conditions of the scleractinian corals and fleshy macroalgae 
together with a description of the experimental coral species, Porites lutea, are also 
given. 
Chapter 2 General Survey on changes in percentage cover of the coral and fleshy 
macroalgae in AMW & AYW, Tung Ping Chau over time. 
Results of the general survey in both AMW and AYW, on changes in the coverage of 
coral and algae in different seasons from 2000 to 2002 are given in this chapter. 
There was a very significant algal bloom in winter-spring, especially in 2000. The 
growth of the coral and the algae was found to be negatively correlated. 
Observations were also made on the effect of fleshy macroalgae bloom on the corals. 
The physical and chemical conditions of the two study areas are described. The 
possible relationship between physico-chemical parameters and algal and coral 
growth was analyzed. 
Chapter 3 The effects of algal-coral interactions on the photosynthetic activity of 
the coral, Porites lutea in AMW & AYW, Tung Ping Chau 
This chapter describes the experiment on the photosynthetic activity of the coral, 
Porites lutea, using the underwater Pulse Amplitude Modulated (PAM) fluorometry. 
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The problem of photoinhibition was also investigated. Results of the monthly 
in-situ measurement from March 2001 to April 2002 on different parts of the coral 
indicated that the upper region of the corals usually had much lower photosynthetic 
activity than the lower regions. These results are correlated with the results in 
Chapter 2, to indicate the effect of algal coverage on the photosynthetic activity of 
the corals. 
Chapter 4 The effects of drifting algae on the corals: A caging manipulation on 
their effect on the photosynthetic activity of the corals 
This chapter describes an in-situ experiment, using cages and drifting algal biomass, 
simulating the natural environment in the reef, to aim at verifying the effect of 
drifting algal biomass on the photosynthetic activity of the coral. Results from this 
experiment supported the idea that drifting algal biomass can reduce the 
photosynthetic activities of the corals. 
Chapter 5 Interaction between corals, filamentous algal turf and encrusting 
coralline algae in Tung Ping Chau 
Coralline algae and filamentous algal turf are commonly observed to settle on or 
around the surface of the coral Porites lutea. Their presence generates a 
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competitive pressure on the corals. During this kind of interactions, competitive 
superiority of either coral or algae is not fixed and is dependent on various factors. 
This chapter provides the results on the in situ monitoring of the competitive 
superiority between corals and filamentous algal turf and corals and encrusting 
cmstose coralline algae over time using permanent quadrats. 
Chapter 6 Summary and General discussion 
This chapter summarizes the findings in this research, and provides a perspective on 
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General Survey on Changes in Percentage Coverage of Coral and 
Fleshy Macroalgae in AMW and AYW, Tung Ping Chau, over Time 
2.1 Introduction 
Competition occurs when there are one or more limiting resources in a system. 
The degree to which the abundance of these resources vary spatially and temporally 
will determine the intensity and the nature of the competitive interaction (Carpenter 
1990). Benthic macroalgae play an important ecological role in a coral reef system. 
Their competition with the corals is an important process in structuring the 
abundance of both corals and algae in the reef (McCook 2001). The majorities of 
marine frondose macroalgae are attached and therefore require a suitable substratum 
to settle down and grow. This attachment substratum may be a rock, coral 
skeletons, soft sediment or even secondary substrata such as other algae and live 
coral. Competition between corals and algae for space and light becomes critical 
especially when the algae form a dense mat settling on the substratum. 
Many researches have been carried out to evaluate coral and algal interactions, with 
different manipulations and under different environmental conditions. However, 
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not many of these explicitly demonstrate the mechanisms of these interactions. 
Rather, large majority of them evaluate how nutrient, herbivores, or other external 
factors, e.g. hurricane, human disturbance, affect the coral reef conditions, and hence 
their relationship with the algae. Reviews have shown that macroalgae are capable 
of overgrowing Scleractinian corals, and that their encounter often results in algal 
winning (Chadwick 1988; Hughes 1989; Tanner 1995). For example, macroalgae 
have been shown experimentally to overgrow and kill the Caribbean coral Porites 
astreoides (Lewis 1986), to inhibit recruitment of the temperate coral Oculina 
arbusculata (Miller & Hay 1996), and to depress the growth and fecundity of 
Acropora spp. in Australia (Tanner 1995). Growth rate of the coral is also 
negatively affected with the presence of macroalgae in a temperate reef in North 
Carolina in USA (Miller & Hay 1996). All these studies demonstrated that the 
competition between corals and algae tends to favour the side of the algae. 
Macroalgae potentially influence the growth and recruitment of the corals in at least 
five ways (River & Edmonds 2001). First, when the algae settle on or near the 
coral surface, its thallus will form a canopy which reduces the light that can reach 
the coral surface (Duggins et al. 1990). Light is one of the primary resources 
required for algal growth. The symbiotic zooxanthellae living inside the coral 
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tissues also require light for photosynthesis and hence the growth of the coral. 
Algal canopy will negatively affect coral growth by shading off the light needed for 
coral photosynthesis (Barnes & Chalker 1990). Second, the holdfast of the algae 
can kill the corals by encroaching over the living coral tissues (Hughes 1989). 
Thirdly, water current can cause the algal thalli to sweep the surface of corals and 
create physical damage by abrasion (Coyer et al. 1993). Fourth, some 
allelochemicals released by the algae could potentially influence coral growth (De 
Nys et al. 1991). Finally, macro algal stands can modify the ambient flow regime 
(Denny 1988). Coral tissues around the algal thalli are therefore exposed to 
reduced flow rates (Duggins et al. 1990) that lead to reduced mass transfer 
(Patterson 1992), resulting in corals receiving reduced amount of nutrient and other 
essential substances from the surrounding environment. 
The ambient concentrations of inorganic nitrogen and phosphorus in tropical reef 
water is usually low (Miller 1998). Any excess nutrient input would cause the 
growth of the macroalgae. Although nutrients vary among different coral reef 
habitats, generally speaking, nitrogen and phosphate are the two major limiting 
factors to the growth of the fleshy macroalgae (Lapointe et al. 1987; Lapointe 1989; 
Littler et al. 1991; Delgado & Lapointe 1994). Previous studies had shown that 
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short term nutrient pulse would enhance primary production, the net photosynthetic 
rate and tissue nutrients of primary producers. However, some of these effects 
were at the individual population level rather than at a realistic ecological level. 
Schaffelke (1999) assessed the response of coral reef macroalgae under enhanced 
nutrient availability in the Great Barrier Reef, Australia. She simulated the 
episodic nutrient input by using ammonia and phosphate of different concentrations, 
and recorded a 50% higher net photosynthetic rate and 40 % higher tissue nutrients 
in Sargassum baccularia after the nutrient addition. Inorganic nitrogen and 
inorganic phosphorus enhanced medium would also enhance the growth of most of 
the coral reef macroalgae (Lamed 1998). Apart from human activities, 
macrofaunal excretion (Meyer & Schultz 1985; Williams & Carpenter 1988), 
groundwater seepage (D'Elia et al. 1981; Lewis 1987) and remineralized organic 
matter in reef cavities and sediment patches (Andrews & Muller 1983; Williams et 
al. 1985; Hansen et al. 1987; Johnstone et al 1989; Capone et al. 1992; Boucher et 
al. 1994) had also been identified as sources of localized nutrient enrichment in 
coral reef system. It was believed that increased in the water column nutrient 
concentrations associate with expanding human activities and coastal eutrophication 
will lead to increased productivity of marine frondose algae. This kind of 
productivity can refer to the photosynthetic rate, growth rate or even biomass of the 
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algae. In a nutrient limited conditions, once the parameters exceed the threshold 
capacity, these increase in nutrient will become a limiting factor to the algal bloom 
(Lapointe 1997). 
Although there are evidences that the macroalgae can overgrow and kill corals, there 
are also some reports on the effects of corals on algae. The outcomes of the 
interactions between corals and algae could be variable. Filamentous algal turf 
were found to have negligible impacts on the corals, instead, corals significantly 
suppressed the growth of algal turf (McCook 2001). It has also been shown that 
the growth of the brown alga Lobophora variegata was inhibited by Scleractinian 
corals (De Ruyter van Steveninck et al 1988). Jompa & McCook in 2002 had also 
demonstrated the interaction between L. variegata and a branching scleractinian 
corals, their results showed that the competitive inhibition between the two species 
is mutual, with the inhibition of L. variegata by the coral Porites cylindrical less 
than that of algae on corals. These evidence showed that these results were 
dependent on the specific corals, on specific kinds of algae, and might vary under 
different environmental factors. 
There are now many reports of coral reef worldwide undergoing "phase shift" (e.g. 
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Done 1992; Hughes 1994; Miller 1998; Lapointe 1997; McClanahan et al. 1999), 
with the benthic algae competitively overgrowing the corals (Done 1992; Lapointe 
1997; Miller 1998; McCook 1999; McCook et al 2000). Such phase shift was 
believed to be caused by several reasons. Lirman & Biber (2000) suggested that 
regional demise of the herbivorous sea urchin Diadema, as well as increased nutrient 
input by human activities, may have resulted in the present conditions of algal 
overgrowth in many reefs. Reduced herbivory due to overfishing or sudden drop in 
the density of the sea urchins, Diadema spp., would reduce the consumption of the 
fleshy macroalgae. Increased nutrient and sedimentation would also cause the 
overgrowth of the algae. These top down and bottom up effects were tested by 
many natural and manipulative experiments (Carpenter 1986; Miller & Hay 1996; 
Lirman 2001; Smith et al. 2001; Thacker et al. 2001). For example, the reduction 
of herbivores would increase the algal biomass, and these algae then caused the 
retraction of the coral polyps (Lirman 2001), coral bleaching and the death of the 
corals (Lewis 1986). Smith et al. (2001) suggested that on a short time scale, 
nutrient enrichment and herbivore exclusion can independently and interactively 
support this kind of phase shift. 
Frequent contact between the corals and the algae would finally cause the coral 
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polyps to be retracted in response to brushing of the algal thallus. This allows 
other epizoids to easily find their way to settle, e.g. the overgrowing of the barnacles 
on corals surface, leading to other kinds of competition to occur. 
Hong Kong is located in southern China. It is influenced by the cold and dry 
northeast monsoon in winter and the hot wet southeast monsoon in summer. The 
northeast monsoon pushes down the cold East China Coastal Water, the Taiwan 
Current in winter, and the southeast monsoon pushes up the warm South China Sea 
Water, the Hainan Current from the Gulf of Hainan in summer. However the warm 
Kuroshio Current east of Philippines and Taiwan, imparts a slight warming effect to 
the water in winter, so the sea water temperature in winter will not be too low. The 
temperature of the seawater falls within the range from about 14°C to 17°C in winter 
and rises up to 27°C to 30°C in summer (Morton & Harper 1995; Scott 1984). 
Being influenced by a subtropical climate, Hong Kong experiences a seasonal bloom 
of algae. Their diversity, abundance and distribution are greatly affected by the 
monsoonal climate (Kennish et al. 1996, Kaehler & Williams 1996). The fleshy 
macroalgae would have their peaks of biomass, maturation of reproductive 
structures, settlement and recruitment during December to March. This is similarly 
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observed in many temperate areas (Chan & Ang 2000; Kong 2002). The shoreline, 
which in December to March, is covered by drifting fleshy macroalgae, would be 
completely bare in summer, except for some small filamentous algal turfs which 
usually grow all year round on coral surfaces and on some other substrata. This is 
because the cold water temperature in December to March favours the growth of the 
algae. When the water temperature starts to warm up towards the summer period, 
most of the fleshy macroalgae could not tolerate such high temperature and would 
start to die back (Hodgkiss & Lee 1983; Hodgkiss 1984; Ang 2002a). The 
interaction between corals and fleshy algae was therefore not significant in the 
summer. The extensive growth of algae in the winter and spring, especially in the 
form of drifting algae, would frequently lash on the coral surfaces causing prolonged 
retraction of the coral polyps and even the winter bleaching of the corals (Choi 
2002). 
In this chapter, results on a general survey carried out in both AMW and AYW, Tung 
Ping Chau to assess the coverage and the extent of the growth of fleshy macroalgae 
and corals at different times were presented. The general appearance of the algae 
and any effects they have on the corals were observed and noted during their peak 
growing period. This provided the background information needed for further 
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studies on the photosynthetic activity of the corals during their interactions with 
fleshy macroalgae (Chapter 3). Seasonal changes in algal and coral coverage were 
compared and correlated with environmental parameters to obtain a better picture on 
the role of environmental conditions in mediating coral algal interactions. 
2.2 Methods and Materials 
2.2.1 In-situ survey methods 
Random transect line method was used to estimate the coral and fleshy macroalgal 
cover in both AMW and AYW. In each site, three 30 meter long transects were laid 
at each depth of Im, 2m and 3m below CD, for a total of nine transect lines in each 
site. Along each transect, a 50cm x 50cm quadrat was placed at every 2m interval. 
The area of 2500cm covered by each quadrat was videotaped using an underwater 
video. The presence of the fleshy macroalgae was recorded and the species 
identified under water. This survey started in spring 2000 and was carried out 
seasonally till the spring of 2002, for a period of five seasons. 
2.2.2 Comparison of coral cover in the presence or absence of algae 
In Spring 2002, the coral area in the presence or absence of algal cover was 
compared. During the general survey, the coral area under each quadrat was first 
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recorded by the video in the presence of any fleshy macroalgae, including those 
settled on the coral surface and those algae drifting around the corals. The algae 
were subsequently removed from the quadrat, and the image of coral cover was 
recorded again. 
2.2.3 Environmental parameters 
The physico-chemical parameters of AMW and AYW were measured monthly. 
AMW is a more enclosed bay while AYW is more exposed. The later is also closer 
to where the people gathered (refer to Chapter 1 for more detailed information). 
Water samples were collected biweekly from both sites from July 2000 to April 2002. 
The water samples collected were filtered immediately by Millipore filter (0.45mm) 
upon arrival at the laboratory within one hour. Filtered seawater was kept frozen 
at -20 °C until further analysis. The physico-chemical parameters measured 
included temperature and various levels of nitrate, nitrite and phosphate. Water 
temperature was measured in-situ by an underwater temperature probe (Minilog TP, 
Vemco Inc., Halifax, Canada) in the shallow water (-Im CD) and deep water region 
(-3m CD) in AMW at every half hour interval. Mean temperature of a day was 
calculated as the average of all temperatures measured within 24 hours. On the 
other hand, the levels of nitrate, nitrite, and phosphate were measured by an 
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autoanalyzer using the standard method prescribed by the American Public Health 
Association (APHA 1995). 
2.2.4 Image, data and statistical analysis 
The video tapes were played back in the laboratory and the image of each quadrat 
was captured by the computer software, Cap View TV. The area of the coral and 
algae inside each quadrat was calculated using Image Pro-Plus 4.5, using the length 
(10cm) of small square within the quadrat as a calibration. The percentage cover 
of the coral and that of different species of fleshy macroalgae were calculated. 
Differences in percentage coral and algal cover at different seasons and between 
years were compared using Kruskal Wallis One Way ANOVA. 
2.3 Results 
2.3.1 Coral coverage in AMW and AYW 
On average, the percentage of live coral coverage in both AMW (Fig. 2.1) and AYW 
(Fig. 2.2) was around 30%. In AMW, the coral cover could be up to 40%. Coral 
cover did not change significantly over seasons (Table 2.1), except that a relatively 
lower coral cover was generally found in spring each year. This slight drop in coral 
cover in spring could be observed in both sites. This lowering in coral coverage 
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between seasons was not significant most of the time. 
2.3.2 Percentage algal cover in AMW and AYW 
A very significant seasonal bloom of algae was observed in both AMW (Fig. 2.3) 
and AYW (Fig. 2.4). Fleshy macroalgae started to appear in winter, and were in 
peak abundance in spring every year. After that, the algal cover would drop back 
to zero in the coming summer. 
The percentage covers of algae among different years are significantly different for 
different depths in both AMW and AYW (Table 2.1). When comparing the peaks 
of algal cover each year, the peak in 2000 was the highest, and that in 2002 was the 
lowest. In 2000, the algal cover in AMW reached a maximum of 40% in the 
shallow water (-Im CD) and near 30% in the deeper (-3m CD) regions. In AYW, 
the algal cover in 2000 was much lower than that in AMW. Nonetheless, its cover 
still reached a level of about 15% in the shallow water region (-Im CD) and about 
35% in the deeper water region (-3m CD). In 2001 and 2002, the fleshy 
macro algal cover was much lower than that in 2000 in both sites, but with the same 
pattern between sites observed. In most of the time, the algal cover in AMW was 
much higher than that in AYW. In 2002, the lowest algal peak abundance was 
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observed. The percentage cover of algae in AMW at all depths was below 20%, 
and that for AYW was below 15%. 
2.3.3 Dominating fleshy algal species in AMW and AYW 
In 2000, since the algal bloom was the most serious, so the algal species appeared 
were also the most diverse (Table 2.2 & Table 2.4). At different water depths, 
different species of fleshy macroalgae were found. In AMW in 2000, the 
dominating species at - I m CD was Ulva lactuca and the dominating one at —2m 
and -3m CD was Colpomenia sinuosa. In 2001, the major algal species at —Im 
and —2m CD had shifted to Hypnea charoides, while at -3m CD, C. sinuosa 
remained the dominant alga. In 2002, C. sinuosa was the dominating algal species 
at all water depths, only little Padina spp. and Hypnea charoides could be found in 
the shallow water. In AYW, C. sinuosa was the major constituting species. In 
2000, it made up most of the algal cover at all water depths. Other algal species 
like U. lactuca and H. charoides made up the remaining little proportions. In 2001, 
H. charoides dominated the shallow water depths (-Im CD) but in 2002, only 
Colpomenia sinuosa was found in the water. 
2.3.4 Comparison of the coral coverage before and after the algal removal 
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At the height of their growth, both attached and drifting algae covered part of the 
coral surface (Fig. 2.5). In AMW, the coral cover increased by 3.2% at - I m CD, 
8.6% at -2m CD and 8.1% at -3m CD after the removal of the algae. In AYW, this 
increase was 5.2%, 10.1% and 6.1% at - I m CD, -2m CD and -3m CD respectively. 
However, the coral covers before and after the removal of algae were not 
significantly different at all water depths in AMW and AYW (Paired t-Test, P>0.05) 
(Table 2.5). 
2.3.5 Water temperature 
The water temperature was recorded from December 1999 to February 2002 in 
AMW (Fig. 2.6). It showed a very clear seasonal trend. It dropped to the lowest 
value in February every year. The lowest mean value recorded in February 2000 
was 15.72°C in deep water (-3m CD) and 15.77�C in shallow water (-Im CD). In 
the following 2001 and 2002, the lowest mean temperature was also recorded in 
February at approximately 17°C for both water depths. 
After February, the water temperature would gradually increase, and would reach a 
maximum in July and August. The highest mean water temperature was recorded 
in July 2000, at 28.3�C for deep water and 29.7�C for shallow water. In 2001, the 
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highest mean water temperature was recorded in August at 29.66�C in deep water, 
and 30.09�C in shallow water. 
Changes in the water temperature in shallow water region were similar to those of 
deep water region, a comparatively large difference was only found from May to 
October in 2000 and from July to September in 2001. This was due to the presence 
of thermocline in summer. This change in the water temperature had a close 
relationship to the growth of the fleshy macroalgae (Fig. 2.7). Algal growth in 
both AMW and AYW started from late winter and peaked in early spring. The 
peak of the algal growth coincided with the drop in the water temperature in the 
years of observations. When the water temperature started to rise in summer, the 
algal mass began to die back. 
2.3.6 Nutrient levels 
In AMW, the nitrate concentration showed four peaks throughout the sampling 
period with each peak consistently occurring between January and March of each 
year (Fig. 2.7). The value dropped drastically after each peak. The highest peak 
was recorded in March 2000 and February 2001, in which the nitrate concentration 
was 12.59|ig/L and 14.57|ig/L respectively. After the peak period, the nitrate 
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concentration dropped to within the range of 1 to 6|ig/L during the other times of the 
year. In AYW, nitrate data were available only for the period from Jan 2000 to 
April 2002. Within this period, no significant trend similar to that in AMW was 
observed (Fig. 2.8). However, a large peak was found from December 2000 to 
March 2001. The highest nitrate value was 14.60 |ig/L, which was recorded in 
December 2000. Other peaks were also observed in July 2000, June 2001 and Jan 
2002, but these peaks were much smaller, and their values were 6.22|ig/L, 6.22jig/L 
and 8.66|ag/L respectively. 
In AMW and AYW, the nitrite concentration was very low throughout the sampling 
period (Fig 2.9). Its value fluctuated around l|Lig/L, without any clear pattern of the 
occurrence of peaks. 
In AMW, the phosphate concentration was highest during the time from May 2001 
to November 2001. The highest phosphate value found in November 2001 was 
8.79jig/L (Fig. 2.10). In most of the other times, the value of phosphate 
concentration was fluctuating between 2|ig/L to 4jj.g/L. In AYW, a peak was found 
from May 2001 to November 2001. The highest value was recorded in May 2001 




phosphate concentration was recorded. 
The growth of the fleshy macroalgae was related to different nutrient parameters. 
In AMW, the nitrate level increased significantly from January to March in 2000, 
2001 and 2002. This increase appeared to correlate with the peak of algal growth 
every year (Fig. 2.11). However, in AYW, this correlation was less obvious (Fig. 
2.12). The peak in the seawater nitrate concentration in AYW was not very distinct, 
but nonetheless, the highest nitrate level was recorded in December to February, at 
the same time when the algae appeared. 
Unlike the nitrate concentration, phosphate level fluctuated all throughout the year, 
without any clear trend (Fig. 2.11 & Fig. 2.12). No correlation between algal 
growth and phosphate concentration was discernible. 
2.3.7 Further observation on the health of the corals during fleshy macroalgal 
bloom 
During the seasonal algal bloom, the thallus of the algae frequently brushed against 
the coral tissue. From direct field observation, corals suffered by having their 
polyps retracted most of the time. The corals were easily invaded by other epizoids. 
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During the monitoring period, especially in spring 2000 when the algae were 
growing most abundantly, it was found that hundreds of barnacles settled on the 
surface of Porites spp. (Fig. 2.13). The corals have the ability to compete with 
these epizoids, and could grow over them. Skeleton of dead barnacles was found 
buried inside the coral skeleton (Fig. 2.14), indicating that coral could grow over and 
kill the barnacles. 
Corals also suffered from bleaching during the winter when the drifting algal mass 
was present in large amount. This phenomenon was observed in 2000. The algal 
coverage was high in 2000, most of the corals were buried by the large amount of 
drifting fleshy macrolalgae. The colour of the corals Porites lutea became faded, 
and some had nearly completely turned white (Fig. 2.15) 
2.4 Discussion 
Changes in the coral and the algal covers were similar in both AMW and AYW. 
The coral cover in AMW and AYW ranged from 30% to 40% at most depths but the 
difference among seasons was not statistically significant. In spring, the coral 
cover was comparatively lower. This was due to the presence of the fleshy 
macroalgae during the same period. The presence of the macroalgae, either 
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attached on or near the coral surface or appeared as drifting biomass covered or 
shaded off the corals. 
Algae started to appear in winter, and became peak in abundance in spring every 
year. Seasonality of algal abundance was closely associated with low water 
temperature. When comparing the algal peaks from 2000 to 2002, it was observed 
that the algal bloom was most serious in 2000. This may be due to the lower water 
temperature recorded in 2000. In 2000, the water temperature was much lower 
than the other two years (Fig. 2.6). The minimum water temperature recorded in 
2000 was 15.5°C. The lowest temperature recorded in 2001 and 2002 was close to 
17 A much lower water temperature could have favoured the growth of the 
algae in 2000. 
Many studies have demonstrated the effects of increased nutrients on the growth of 
macroalgae (D'Elia et al. 1981; Andrew & Muller 1983; Meyer & Sdmltz 1985; 
Williams et al. 1985; Hansen et al. 1987; Lewis 1987; Johnstone et al. 1989; Capone 
et al. 1992; Boucher et al. 1994; Lamed 1998; Williams & Carpenter 1998; 
Schaffelke 1999). Increased nutrient availability was shown to enhance the growth 
of these primary producers. In the present study, the effects of changes in nutrient 
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concentrations on algal growth were not obvious. Except for nitrate concentration, 
which showed a more distinct seasonal trend that coincided with algal abundance, 
other nutrients like nitrite and phosphate appeared to fluctuate more irregularly over 
times. Although high nitrate concentrations were recorded in the colder months, 
higher nitrate concentrations were not closely coupled with higher abundance of 
algal growth. In other words, the highest abundance of algal growth (as indicated 
by highest percentage of algal cover) was recorded in 2000, but the highest nitrate 
concentration was recorded in 2001. Increase in nutrients was not followed by an 
increase in algal abundance. The uncoupling of nutrient concentrations with algal 
abundance may suggest that nutrients were not the limiting factors for algal growth 
in Tung Ping Chau. The underlying reason for the presence of peaks in nutrient 
concentration is not clear. It may be related to the prevailing current system that 
brings in colder and nutrient rich water during winter. 
Depth did not appear to exert a significant influence on algal growth. Most of the 
algae appeared as drifting mass, and hence could be drifting along with the water 
current. The presence of large coral colonies could actually serve as a trap to 
accumulate the drifting algae so that depth alone may not be a critical factor in 
affecting local algal abundance. 
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Drifting algal biomass could act as a barrier to block out not just light, but also other 
essential elements needed by the corals for their growth. Corals living under these 
conditions would be under stress. Constant brushing by these drifting algal causes 
the corals to retract their polyps for prolonged of time. Loss of their zooxanthellae 
or pigments may be a consequence of this stressful living as well. This is 
exemplified by the coral Porites lutea, which became lighter in colour as a result of 
losing zooxanthellae densities and chlorophyll-a concentrations in winter-spring 
(Choi 2002). 
Quite apparently, the health of the corals in the winter-spring time will depend on 
the abundance of the drifting algae. As algal abundance fluctuated over years, the 
extent of their effect on the corals would also be different from time to time. An 
additional dimension of this interaction should also be considered. Algal 
abundance appears to be closely associated with temperature, with lower 
temperature supporting better algal growth. But lower temperature would also 
exert an additional stress on coral growth. The implication of this is that in a 
colder winter, the corals would not only have to deal with greater stress brought 
about by greater abundance of drifting algae, but would also have to deal with the 
stress due to lower temperature. This would certainly weaken the corals much 
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more, allowing other invertebrates or algae to settle on coral surface. The 
extensive settlement of barnacles on coral surface in the spring of 2001 (after a 
colder winter of 2000-2001) testified to this effect. Corals in Hong Kong are 
therefore subject to many other stresses which may not normally be experienced by 
corals found in more tropical regions. 
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Table 2.1 The results of Kruskal Wallis One way ANOVA, testing for 
the difference in the coral and algal coverages between different seasons 
in AMW and AYW. Significant values are given in bold. 
Site Comparision Water depth P value 
(meter -CD) 
AMW Coral coverage Im 0.859 
2m 0.080 
3m 0.210 
Algal coverage Im 0.005 
2m 0.007 
3m 0.007 
AYW Coral coverage Im 0.128 
2m 0.600 
3m 0.229 





Table 2.2 Proportion (% coverage) of different dominant fleshy algal species 
found at different water depths in AMW in Spring of 2000-2002. Most of the 
algae found were Colpomenia sinuosa, others included Hypnea charoides, 
some Sargassum spp., some Padina spp. and Lobophora variegata. 
2000 2001 2002 
Im Ulva 42.08% Hypnea 55.07% Colpomenia ：|9.8% 
Hypnea 33.98% Ulva 26.84% Padina 10.04% 
Colpomenia 23.94% Colpomenia 17.62% Hypnea 0.16% 
Padina 0.47% 
2m Colpomenia 63.99% Hypnea 49.83% Colpomenia 100% 
Hypnea 20.92% Ulva 25.46% 
Ulva 14.37% Colpomenia 24.71% 
Padina 0.57% 
Sargassum 0.25% 
3in Colpomenia 87.09% Colpomenia 49.99% Colpomenia 100% 
Ulva 13Vo Hypnea 47.77% 
Hypnea 5.61% Ulva 2.24% 
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Table 2.3 Proportion (% coverage) of different dominant fleshy algal species 
found at different water depths in AYW in Spring 2000-2002. Colpomenia 
sinuosa was the most dominating one, and even made up the whole algal 
community in 2002. 
2000 2001 2002 
Im Colpomenia 70.14% Hypnea 53.06% Colpomenia 100% 
Ulva 24.48% Colpomenia 27.05% 
Hypnea 531% Ulva , 19.88% 
2 m Colpomenia 86.68% Colpomenia 80.88% Colpomenia 100% 
Ulva 9.97% Hypnea 15.2% 
Hypnea 1.81% Ulva 3.91% 
Padina 1.64% 





Table 2.4 The results of the Paired T-Test, testing for the difference in the 
coral coverage in AMW and AYW, before and after the removal of the algae 
at each water depth. No significant difference was found in each treatment. 
Site Water Depth df p value 
AMW - ImCD 1 0.271 
-2m CD 1 0.304 
-3m CD 1 0.126 
AYW - ImCD 1 0.480 
-2m CD 1 0.055 
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Fig. 2.1 The mean percentage cover of live coral (±SD) at different 
depths in AMW from 2000 to 2002. A comparatively lower value in Spring 
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Fig. 2.3 The mean percentage cover (士SD) of algae at all depths in 
A M W from 2000 to 2002. The peak algal abundance was observed in 
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Fig. 2.4 The mean percentage cover (士SD) of algae at all depths in 
A Y W from 2000 to 2002. Seasonal peak of algal growth was observed 
in spring every year. 
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Fig. 2.11 Mean percentage of algal cover (+SD) at different depths 
in A M W from 2000 to 2002, as compared with the mean seawater 
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Fig. 2.13 Observations on the health of the coral Porites lutea 
exposed to seasonal algal bloom. The coral head was fully colonized by 
hundreds of barnacles (upper). Some corals were able to overgrow the 
barnacles (lower). The coral tissue gradually grew along the wall of the 
barnacle, burying the barnacles inside and leaving many protuberances 
on the coral surface. The barnacles were able to function through the 
openings (arrow) left in some of these protuberances, but these 
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Fig. 2.14 A section of the skeleton of the coral Porites lutea 
showing a barnacle skeleton buried inside. Lower picture is a 
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Fig. 2.15 Winter coral bleaching observed in Porites lutea during 
the seasonal algal bloom. The original colour (upper) of the Porites 




The Effects of Algal-Coral Interactions on the Photosynthetic Activity 
of the Coral, Pontes lutea in AMW and AYW, Tung Ping Chau 
3.1 Introduction 
Corals contain photosynthetic zooxanthellae inside their tissues. These zooxanthellae 
carry out photosynthesis that provides photosynthetates for the growth of the corals. 
This process also facilitates coral calcification indirectly. This symbiotic interaction 
had previously been assessed with the use of a respirometer, in which the photosynthetic 
performance was evaluated either by the O2 evolution or the "^^ COi uptake of an 
enclosed sample of corals (Hoegh-Guldberg & Smith 1989). However, this method is 
intrusive, involving the collection of live coral specimens and the measurement of 
photosynthetic activities under controlled conditions. Such method is difficult to 
deploy in situ and is subject to many technical problems. One of the most important 
limitations is that the exact value of oxygen produced by the zooxanthellae in hospite 
could not be accurately measured (Ralph et al. 1999). This is so because part of the 
measured value was a result of the host's respiration. Recently, an underwater Pulse 
Amplitude Modulated (PAM) Fluorometer, (the Diving P A M , Walz Gmbg Germany) 
was developed for the in situ measurement of the chlorophyll fluorescence. This 
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allows the photochemical and non-photochemical quenching coefficients of the samples 
(qP & qN) to be determined (Schreiber et al 1986), and the effective quantum yield (Y) 
of energy conversion in photosystem II (PS II) can then be measured (Genty et al 1989). 
Quenching can be expressed by the normalized 'remaining' fluorescence level for 
photosynthesis (Krause & Weis 1991). Y is defined as (F'm 一 F) / F'm, where F'm is the 
maximal fluorescence yield in a light adapted plant following a saturating-light pulse 
and F is the normal fluorescence in the light. The parameter Y has been shown 
experimentally to be directly proportional to the quantum yield in some terrestrial plants 
as measured by CO2 uptake (Genty et al. 1989). Such measurements of the 
photosynthetic yield have been applied to different organisms in situ, e.g. response of 
the red sea sponges (Beer et al. 1998a), phytoplankton photosynthesis (Kolber & 
Falkowski 1993), productivity of macroalgae (Magnusson 1997), CO2 gain and light 
acclimation in cyano-lichens (Sundberg et al 1997), and photosynthesis in corals (Beer 
et al 1998b; Fitt et al. 2001; Jones et al 1999; Lombardi et al 2000). 
The Diving P A M measurement is based on the principle of chlorophyll fluorescence as 
an indictor of photosynthesis. Photosynthesis involves reactions at five different 
functional levels: processes at the pigment level, primary light reactions, thylakoid 
electron transport reactions, dark-enzymatic stroma reactions and slow regulatory 
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feedback processes. In principle, chlorophyll fluorescence can function as an indicator 
at all these levels of photo synthetic process. The indicator function of chlorophyll 
fluorescence arises from the fact that fluorescence emission is complementary to the 
alternative pathways of de-excitation, i.e. photochemistry and heat dissipation. In 
general, fluorescence yield is highest when the yields of photochemistry and heat 
dissipation are lowest. Hence, changes in fluorescence yield reflect changes in 
photochemical efficiency and heat dissipation. The "Yield" value obtained directly 
from the Diving P A M , as well as the qP value, can serve as an indicator of the efficiency 
of the photosynthesis of that organism at time T. 
Many factors contribute to a decrease in the photochemical yield of the photosynthetic 
organisms. Nutrient availability and the ambient irradiance are examples of natural 
factors that directly affected photosynthetic activity in the aquatic ecosystem (Kolber & 
Falkowski 1993; Kolber 1994; Falkowski & Kolber 1995; Behrenfeld & Kolber 1999). 
Previous research showed that under nutrient deficient conditions, independent of 
growth irradiance, the quantum yield of phytoplankton declined (Kolber 1994). In 
zooxanthellae isolated from coral and cultivated in nutrient-deficient media, their 




However, such evidence mainly came from laboratory system, the realistic situation in a 
reef is not known. Physiological responses of the corals may not be immediately 
related to any ecological changes in a reef system. To some extant, these could serve 
as better indicators for the 'states' of the corals, e.g. the growth rate and energy 
dynamics for coral reproduction. This kind of physiological changes may not 
immediately affect the corals at the community nor the population level. However, 
individual colonies are, in no doubt, being affected. 
Excessive irradiance could lead to photoinhibition. Photoinhibition of PS II reaction 
centers reduces the quantum yield of photosynthetic organisms in situ (Baker & Bowyer 
1994). Photoinhibition is the loss of photosynthetic ability due to any factor which 
might affect the photosynthetic energy use of the organism (Osmond 1994; Franklin & 
Foster 1997). Photoinhibition has been widely documented in the photosynthetic 
organisms exposed to high levels of photo synthetically active radiation (PAR), ranging 
from macro-organisms like the higher plants to the micro-organisms like the 
photoplankton in the aquatic system (Powles 1984; Long et al. 1994) Reduced 
photosynthetic capacity in the free-living symbiotic dinoflagellates of the corals has also 
been observed using oxygen-flux measurements (Muller-Parker 1984). 
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Photoinhibiton of photosynthesis is synonymous with the loss of quantum yield, 
photosynthetic electron transport activity and changes in chlorophyll fluorescence 
characteristics in response to light (Franklin et al 1992). There are earlier findings 
that shallow water corals, exposed to high natural solar radiation in the field at midday, 
showed a dynamic photoinhibition with diel fluctuations in photosynthetic efficiency 
similar to that observed in macroalgae in shallow water (Huppertz et al 1990; Henley et 
al 1991; Hanelt et al 1994; Hanelt 1996). 
The photochemical efficiency of symbiotic dinoflagellates within the tissues of two 
corals was investigated using the pulse amplitude modulated (PAM) chlorophyll 
fluorescence technique (Brown et al. 1999). It was found that dark-adapted Fv/Fm 
showed a clear diurnal change, with a decrease to a low at solar noon and increasing in 
the afternoon. However, Fv/Fm was also very low at night and in prolonged darkness, 
and increased rapidly during early morning twilight. This parameter also increased 
when oxygen concentration of the water holding the corals increased. This might 
reflect the night-time tissue hypoxia phenomenon which was a feature of the 
endosymbiotic environment (Brown et al. 1999). 
Photoinhibition can be classified into dynamic and chronic inhibition. Dynamic 
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inhibition refers to the reversible photo inhibitory processes which divert excess 
excitation energy away from PS II reaction center. Reversible dynamic 
photoinhibition includes the midday shunting of extra photons away from PS II via 
xanthophyll cycle in symbiotic dinoflagellates. It sometimes acts as a precursor to 
chronic photoinhibition. Chronic photoinhibition involves irreversible photo damage 
to the PS II, and is thought to result in the death of individual symbiotic algae. This 
leads to the release of damaged cell from the host (Fitt et al 2001). Dissipation of 
excess excitation energy by the xanthophyll cycle is widely recognized as an important 
photo-protective mechanism (Brown et al. 1999). 
The presence of drifting algae and the stands of algal thallus among corals might cut off 
the sunlight that could reach the coral and affect the microenvironment around the 
corals. Their growth, fecundity and the photosynthetic ability would thus be affected 
under such reduced sunlight, nutrient and water flow rate conditions. These adverse 
conditions could induce the corals to release their photosymbiotic algae, hence further 
lowering their photosynthetic ability. 
The growth, recruitment and fecundity of corals under the interactions with the fleshy 
algae have been studied previously. However, the photosynthetic ability of the corals 
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under unfavourable conditions is not well known. In this chapter, the interaction 
between corals and fleshy macroalgae is evaluated physiologically, i.e. how the 
photosynthetic activity of the corals could be affected in the presence of the macroalgae. 
The quantum yield of the corals was monitored monthly using Diving P A M , so that any 
pattern of change over time could be detected. The hypothesis is that the 
photosynthetic activity of the corals should be inversely related to the abundance of the 
macroalgae. It should be weakest during the peak growth of the algae and, after the 
algae die back, the photosynthetic yield of the corals should recover. 
The diurnal changes of the photosynthetic activity of the corals were also assessed by 
measuring its effective quantum yield during day light hours. Furthermore, a 
comparison was made between measurements done using Diving P A M on the 
photosynthesis of corals and the traditional method used in measuring the healthiness of 
the corals, i.e. counting of the zooxanthellae number and the density of chlorophyll-a 
pigment in the corals. This method has been used for long as an indicator of the 
photosynthetic activities of the corals, especially in the coral bleaching monitoring. 
Reduced number of zooxanthellae and chlorophyll-a concentrations hinder normal 
photosynthetic activities. Corals under the interference of the algal thallus will have 
their photosynthetic activities reduced. If a direct relationship could be determined 
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between the measurements of the Diving P A M and the zooxanthellae densities, then we 
can draw a conclusion that certain rate of photosynthesis can reflect certain densities of 
zooxanthellae and chlorophyll-a. 
3.2 Methods and Materials 
3.2.1. Settings of the permanent corals 
The massive coral, Pontes lutea (Figs. 1.3a & 1.3b, see chapter 1，）was chosen for the 
study. This species is one of the dominant coral species found in both study areas in 
Tung Ping Chau. Ten colonies of P. lutea were marked in shallow (-Im CD) and deep 
water regions (-3m CD) of both A M W and A Y W in March 2001. The marked corals 
had their height ranging from 30-50 cm. A total of 40 coral heads were marked. 
3.2.2. Measurement of seasonal changes in the photosynthetic activity of the corals 
A diving Pulse Amplitude Modulated Fluorometry (PAM) (Walz 2000) (Fig.3.2) was 
used to measure the photosynthetic activity of the corals. Measurements were carried 
out in situ monthly, starting from March 2001 till April 2002. 
The marked coral colonies being measured were divided into the upper, middle and the 
lower regions. The upper region of the coral was the uppermost part facing the surface 
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of the water, while the lower region was the area immediately next to the seabed. In 
each region of the corals, the quantum yield (AFVFm，），and the photochemical 
quenching (qP) of that region of the coral were obtained in triplicates. 
3.2.3 Measurement of diurnal changes in the photosynthetic activity of Porites lutea 
Diurnal pattern of photoinhibition was examined in Porites lutea, in the shallow water 
region of A Y W in a sunny day in May and July 2002. This study was performed on a 
12 hour based cycle, starting from 0700 in the morning till 1900 hrs. The 
measurement was done by the Diving P A M , and was carried out hourly on three marked 
coral heads. The quantum yield of the upper and the lower regions of the coral was 
measured in triplicates by the Diving P A M . The PAR at each time of measurement 
and at the surface of the water was also recorded. 
3.2.4. Correlation of quantum yield with the zooxanthellae density and the 
chlorophyll-a concentrations 
Quantum yield from 15 individual colonies of P. lutea was recorded in situ in triplicates 
using the Diving P A M . The region (approximate 10cm x 10cm in area) being 
measured by the P A M was collected immediately after taking the quantum yield 
readings. Some of the corals collected were bleached, while some of them were of 
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normal brown colour. The coral samples were brought back to the laboratory and were 
kept frozen at -20°C before the extraction of zooxanthellae and chlorophyll-a pigments. 
3.2.5 Evaluation of zooxanthellae and chlorophyll-a densities 
The coral samples brought back to the laboratory were kept frozen for several days prior 
to tissue extractions. An airbrush was attached to the compressed air tank with the 
pressure adjusted to 5 bar. A plastic funnel was set up in a ring stand with a beaker 
placed under the funnel. The airbrush tip was moved slowly at a 45° angle over the 
coral colony area to allow the stream of compressed air to blast out the mucus and tissue 
of the coral down into the funnel, to be collected in the beaker (Lipschultz et al. 1998). 
Collected coral tissues were diluted to 50ml by filtered seawater and were homogenized. 
A haemocytometer was used to count the number of the zooxanthellae cells. The 
counting procedure followed that of Lipschultz et al. (1998) and was repeated three 
times for each sample. 
For chlorophyll-a determination, one ml of coral tissue was pipetted to 15ml centrifuge 
tube from the 50ml homogenized blastate. Nine ml of 100% acetone were then added 
into the tube for extraction. This process was undertaken in darkness for 24 hours. 
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After extraction, centrifuge tubes were shaken and spun at 45,000 rmp for 10 minutes. 
The supernatant was transferred into a glass cuvette and the absorbances of the samples 
at 750, 664, 647, and 630 nm were read in a spectrophotometer (Spectronic Gensys 5). 
The exact amount of chlorophyll-a content was calculated by the following equations: 
Concentration of chlorophyll-a (mg/ml) 二 
11.85 X (664|im - 750|im) - 1.54 x (647|im -TSO^im) — 0.088 x (630|im - 750jLim) 
Chlorophyll-a content of the specimen (mg) = concentration of chlorophyll-a x 500 
3.2.6 Statistical analysis 
3.2.6.1 Monthly measurement of the photosynthetic activity of the corals 
The data collected each month included the quantum yield and the photochemical 
quenching of the upper, middle and the lower regions of each coral head in shallow and 
deep waters in A M W and A Y W . Comparisons were made between these different 
parameters. Data were tested for homogeneity of variance and normality. A two-way 
A N O V A was then used to test for any significant difference in the quantum yield and 
the photochemical quenching in different regions of the corals in different months. 
The quantum yield of the corals was further evaluated for any correlation with the 
69 
Chapter 1 
physical parameters, e.g. water temperature, using Pearson Bivariate Correlation. 
3.2.6.2 Diurnal measurements of the photosynthetic activity of the corals in May and 
July 2002 
The relationship between the quantum yield, photochemical quenching and the PAR 
recorded hourly in May and July 2002 was analyzed. Pearson Bivariate Correlation 
was used to test for any significant relationship between the quantum yield and the PAR 
measured at each time. 
3.2.6.3 Relationships between quantum yield and zooxanthellae and chlorophyll-a 
concentrations 
The relationships between the quantum yield and zooxanthellae densities, the 
chlorophyll-a concentrations, and the chlorophyll-a/zooxanthellae ratio were examined 
using regression analysis. 
3.3 Results 
3.3.1 The photosynthetic activities of corals 
A clear temporal trend in the photosynthetic activities of the coral Porites lutea was 
observed in Tung Ping Chau (Fig. 3.3 & Fig. 3.4), within the study period starting from 
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March 2001 till April 2002. A lower quantum yield (0.3-0.4) was recorded in early 
spring in 2001. It gradually increased and reached its peak in the summer and autumn 
before becoming low again in late winter to early spring in 2002. Most of the time 
during summer and autumn, the quantum yield was in the range of 0.5 to 0.7. 
Exceptional case was found in August 2001 when a sudden drop in the quantum yield 
was recorded. This drop was more obvious in the shallow water in A M W (Fig. 3.3). 
The seasonal trend in the photosynthetic activities of the coral is less distinct in A Y W 
than in A M W , but quantum yield in summer and autumn was generally higher (Fig. 
3.4). 
Different regions of the corals appeared to exhibit significant differences in 
photosynthetic activities (Table 3.1) The top region of the coral usually showed a lower 
value in the quantum yield (0.3-0.65 in A M W and 0.5-0.65 in A Y W ) than the middle 
region of the coral (0.4-0.65 in A M W and 0.57-0.67 in AYW), with the bottom region 
showing the highest value (0.5-0.7 in A M W and 0.65-0.7 in AYW). This phenomenon 
could be found in both A M W and A Y W (Fig. 3.3 & Fig. 3.4). The quantum yield of 
the top region of the coral was lowest throughout the year. 
The difference in the photosynthetic quantum yield at different depths was not very 
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obvious. In both study areas, the quantum yield of corals between shallow (-Im CD) 
and deep water (-3m CD) was not significantly different (ANOVA, P>0.05). However, 
in shallow water, variations among different regions of the corals seemed to be greater 
than those in deep water. In either depth, different regions of the corals showed 
significant difference in their quantum yield (Table 3.1). 
Comparing between areas, the quantum yield of the corals in A M W was generally lower 
than that in A Y W (Fig. 3.5 — Fig. 3.8). This was true for both shallow and deep waters, 
but the difference in the quantum yield between the two areas was more obvious in 
shallow water. This spatial difference in the quantum yield was more obvious with 
respect to the top and the middle regions of the corals in shallow water (Fig. 3.5 & Fig. 
3.6). 
3.3.2 The photochemical quenching (qP) of the corals 
A significant seasonal pattern in the qP of the corals was observed in both A M W and 
A Y W (Fig. 3.11 & Fig. 3.12, Table 3.3). A lower value was recorded in March 2001, 
and a very distinct drop was recorded in February 2002. This means that a lower qP 
value was found in winter-spring period. However, a low qP value of the corals was 
also obtained during the height of summer in August 2001. 
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Comparing the top, middle and the bottom regions of the corals, the qP values were all 
significantly different (Table 3.3). A lower qP value was generally recorded in the top 
region most of the time (Fig. 3.11 & Fig. 3.12). A relatively higher qP value was 
recorded in the bottom region of the corals 
Water depth did not affect the qP of the corals too much. The range of qP in shallow 
water (-Im CD) was between 0.5 to 0.7 most of the time, and this pattern was also 
observed in the deep water (-3m CD) corals. The seasonal pattern and the drastic drop 
in the qP value in February 2002 were also observed in both water depths. 
The qP difference between the two areas was not too great, except that the value in 
A M W was comparatively lower than that in A Y W (Fig. 3.11 & Fig. 3.12). Apart from 
that, similar changes were observed in both areas, including the lowering of qP value in 
August 2001 and the drastic drop in February 2002. However, the drop in the value 
was more obvious in A M W than in A Y W . 
3.3.3 Diurnal fluctuations in the photosynthetic activity of Porites lutea and the 
Photosynthetically Active Radiation (PAR) 
The fluorescence quantum yield of the corals and the corresponding changes in the 
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mean diurnal photosynthetically active radiation (PAR) were obtained in 27出 May and 
July 2002 (Fig. 3.13 - Fig. 3.16). 
3.3.3.1 Photosynthetic quantum yield of Porites lutea 
The quantum yield of the corals exhibited a diurnal pattern in both May (Fig. 3.13 & 
Fig. 3.14) and July (Fig. 3.15 & Fig. 3.16), although the pattern in May was more 
distinct. In May, the quantum yield was already quite high at the start of the day and it 
ranged from 0.6 to 0.7 in all three coral colonies (Figs. 3.13 & Fig. 3.14). It dropped 
in the midday, reaching a value of 0.5 before it went back up at 1700 hrs. This midday 
fall in quantum yield appeared to be closely but inversely associated with the diurnal 
change in the PAR. A similar pattern was observed in July. 
For both May and July, the midday fall in quantum yield was more distinct in the top 
region than in the bottom region of the coral. However, in July, there was a sharp 
depression in the quantum yield at 1000 hrs in both the top and bottom regions. This 
corresponded with a sharp rise in PAR. The quantum yield for both top and bottom 
regions was significantly negatively correlated with the PAR (Table 3.4), the exception 
being that for the bottom region of the coral in May. 
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3.3.3.2 Diurnal changes in the Photosynthetically Active Radiation (PAR) 
PAR was measured at different times when monitoring the diurnal pattern of the 
photosynthetic activities of the corals. The value of PAR was measured at the surface 
of the water, next to the top and bottom regions of the coral being measured (Fig 3.17). 
The surface water in May 2002 exhibited the highest PAR value of 800 jimol quanta 
irfYi at midday. The PAR was high from 1000 to 1500 hrs, having values over 600 
2 1 
|imol quanta m" s' • However, the amount of solar radiation that reached the coral 
surface was only about half of that recorded at the water surface. Only 300 jumol 
quanta m'^ s'^  of PAR was recorded on the coral surface at midday. The PAR measured 
at the bottom region of the coral was even much lower. It never exceeded 200 jimol 
quanta 
In July, the PAR value was lower than that obtained in May. The highest value 
obtained at midday was only 400 |j.mol quanta m'^ s'^  at the water surface. In the 
bottom part of the corals, it was as low as 100 jiimol quanta m'^s"^ In July, the value of 
the PAR also fluctuated more irregularly at different times. Its peak was not as clear as 
that recorded in May. 
The PAR values did not appear to be influenced by the tide level (water depth) (Fig. 
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3.17). In May, although the tide level was the lowest at 1400 hrs, the PAR recorded on 
the coral surface remained very low, following a general pattern of decline in the 
afternoon. The tidal level did not change much in July, hence its influence on PAR 
recorded on coral surface was not expected to be significant. 
3.3.4 The relationship between the photosynthetic activity of the corals and their 
chlorophyll-a and zooxanthellae densities 
Twenty coral samples were collected and their quantum yield measured immediately 
before their collection. The relationship between the quantum yield and the 
zooxanthellae density was significantly positive but non-linear (Fig. 3.18) with 48% of 
the variation explained (R^ = 47.9%). The relationship between the quantum yield and 
chlorophyll-a concentration was significantly negative but non-linear (Fig. 3.19). 
However, coefficient of association (R^) was only 33.4%, indicating that a large 
proportion of the variation between these two parameters cannot be explained by this 
non linear relation. 
3.3.5 Correlation between photosynthetic activities of corals and environmental 
parameters 
3.3.5.1 Heights of coral colonies 
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The corals marked for the measurement of quantum yield had a range in their height 
from 20cm to 40cm. As the difference in coral height might affect their quantum yield, 
the relationship between different heights of corals and their quantum yield were 
compared. However, no direct relationship between these two parameters could be 
detected (Fig. 3.20 & Fig. 3.21). The height of the corals may not play a crucial role in 
affecting photosynthetic activities of different region of the corals, their effects are small 
when compared to the overall variability. 
3.3.5.2 Photosynthetic activity of the corals and the presence of the drifting algae 
There was a clear seasonal trend in the photosynthetic activities of the coral Porites 
lutea in Tung Ping Chau. This trend was more obvious in shallow water than in deep 
water, and in A M W than in A Y W . This phenomenon may be directly related to the 
presence of the fleshy macroalgae in winter-spring, and the algal bloom in spring. The 
amount of fleshy algae in winter-spring was always much higher than that at other times 
of the year (Fig. 3.22 & Fig. 3.23). Many of these existed as drifting algae, hence 
would effectively cover the corals. The algae were more abundant in the shallow than 
in the deeper water regions, and also more in A M W than in A Y W . 
3.3.5.3 Photosynthetic activity of the corals and sea water temperature 
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Apart from the algal coverage, low water temperature might also affect the 
photosynthetic activities of the corals. Too low a water temperature would not favour 
the growth of the corals. Within the study period in Tung Ping Chau, the water 
temperature in winter could be close to 15。C. There appears to be a time lag of this 
temperature effect (Fig. 3.24, Table 3.5). The quantum yield of the corals was more 
significantly positively correlated with the water temperature in the previous month. 
3.4 Discussion 
3.4.1 The photosynthetic activities of the corals 
Most studies on the competition between corals and algae focused on how growth, 
survivorship and reproduction of the corals were being affected by the growth of fleshy 
macroalgae. The physiological aspect of this effect on corals was often ignored. 
Results from this present study indicated that the photosynthetic activities of the corals 
varied at different times of the year. This temporal change coincided with the presence 
of the algae, which suggested that fleshy algae may be one of the factors which hindered 
the photosynthetic activities of the corals. 
Algae probably affect the corals by one of the following ways. They can settle and 
grow nearby the corals, and their thallus act as a canopy and shade off the essential 
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sunlight and nutrient. Without enough amount of sunlight, the zooxanthellae inside the 
corals cannot carry out photosynthesis efficiently. Algae can also appear in drifting 
forms, forming a dense mat that effectively cover and bury the corals. As they brush 
against the coral surface, the coral polyps will be forced to be retracted. Prolonged 
lashing of algae on the coral tissues may weaken them, and significantly interfere with 
their normal photosynthetic activities. This may then affect individual coral colonies 
by reducing their normal growth rate and affecting their reproductive ability. The 
effect of the presence of drifting macroalgae on the photosynthetic ability of the corals 
is further verified in a manipulative experiment carried out in Tung Ping Chau (Chapter 
4). A drastic drop in the coral quantum yield recorded in August 2001 in the shallow 
water in A M W may be related to the bleaching condition exhibited by most of the 
Porites colonies during this period. The bleached coral would have a reduced density 
of zooxanthellae and chlorophyll-a concentrations (Choi 2002), hence a lower 
photosynthetic activity. On the other hand, this drop in photosynthetic activity may be 
a result of photoinhibition. This is suggested by the diurnal changes in the 
photosynthetic activities of the coral, in which a mid-day shunting was observed. This 
can effectively protect the corals under excess UV. 
Lower photosynthetic yield was mainly associated with the upper regions of the corals, 
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a consistent trend observed in both A M W and A Y W . This may be a result of 
photoinhibition. Photoinhibition is a protective mechanism exhibited by most of the 
land and marine plants, to avoid damages to the PS II reaction center. Under high 
solar irradiance, the quantum yield, the photosynthetic electron transport activity and 
changes in chlorophyll fluorescence characteristics would be lost. Shallow water 
corals are probably more prone to such phenomenon under high natural solar radiation 
in the field at midday. As the top region of the corals was more exposed to direct 
sunlight, whereas the lower portion of the corals was usually shaded, the top region of 
the corals would always show a lower quantum yield than other portions of the corals. 
Low water temperature in the winter seemed to affect the photosynthetic activity of the 
corals during that period. This is indicated by a significant correlation of the one 
month antecedent lowering of water temperature with low coral photosynthetic activity 
recorded in winter (Table 3.5). Hong Kong, being in the sub-tropical region, is at the 
northern limit of distribution for most corals. Normal growth of coral may be hindered, 
under low winter water temperature. 
3.4.2 The photochemical quenching of the corals 
The qP value represents the quenching coefficient that can be used as an indicator for 
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photosynthetic efficiency. The higher the qP, the greater is the fraction of the PS II 
reaction center that is opened for photosynthesis. The larger the fraction of the 
reaction centre that is opened for photosynthesis, the greater would be its photosynthetic 
efficiencies. 
The qP value also exhibited a seasonal pattern (Fig. 3.11 & Fig. 3.12), being lower in 
winter-spring. This matched the trend exhibited by quantum yield. A very drastic 
drop in the qP value was detected in February 2002 especially in corals in A M W . This 
is likely to be a result of the stressful condition being experienced by the corals during 
this period. Drifting algae, low light and low temperature, all could have interfered 
with the photosynthetic efficiencies of the corals. Similarly, a low qP value was also 
detected in August. 
The corals in August were exposed to excessive PAR and storms. Bleaching on 
several coral species was observed in many cases. So the condition in August was 
likely to be stressful too, hence, a lower qP could indicate that the corals were not 
photosynthetically as active as in other times of the year. 
3.4.3 Diurnal changes in the photosynthetic activities of the Porites lutea 
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Most researches had shown that many photosynthetic organisms, including algae and 
corals will exhibit a midday shunting of the extra photons out of their PS II reaction 
center (Jones & Hoegh-Guldberg 2001; Magnusson 1997), especially when the solar 
irradiation was strong. This also proved that coral would show an extraordinary 
lowering in the quantum yield during the midday hours. Brown et al. (1999) had 
monitored the diurnal changes in photochemical efficiency and xanthophylls 
concentration in six shallow water reef corals, including Porites, Fungi a, Acropora, 
Montipora, Galaxea and Podobacia in Phuket, Thailand under natural solar radiation. 
They showed that corals would exhibit a diurnal fluctuation in the effective quantum 
yield which inversely tracked the irradiance. All species showed a similar pattern of a 
reduction of quantum yield of PS II at midday, at dawn and dusk. In this present 
research, the selected coral species Porites lutea also showed a similar pattern. A 
lower quantum yield was recorded with the high PAR measured at noon. This was 
well supported by the results obtained in July, with a very high irradiance recorded at 
1000 hr that was matched with a drastic drop in the quantum yield of the corals. 
3.4.4 Relationship between the quantum yield and the chlorophyll-a and zooxanthellae 
densities 
The symbiotic zooxanthellae inside the coral tissues bear chlorophyll-a, which is a 
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pigment used to capture light for photosynthesis. Previous studies showed that there 
was significant decrease in zooxanthellae densities in bleached coral, together with the 
chlorophyll-a concentrations (Choi 2002). Since chlorophyll-a is a photosynthetic 
pigment, its concentrations in the coral could be an indirect indicator of the 
photosynthetic efficiencies of the corals. Theoretically, larger concentrations of 
zooxanthellae or chlorophyll-a should indicate a greater photosynthetic activity. 
However, when comparing these data with the exact photosynthetic efficiencies 
measured by the P A M directly, the correlation was not obvious. Higher chlorophyll-a 
concentration and higher zooxanthellae densities were not always associated with higher 
quantum yield (Fig. 3.18 & Fig. 3.19). One of the possible reasons for this 
discrepancy may again be related to photoinhibition exhibited by the zooxanthellae. 
Photoinhibited zooxanthellae may not carry out photosynthesis as well as the normal 
ones, so by counting the number of zooxanthellae inside the corals as an indicator of the 
photosynthetic activity, there would be some discrepancy. This could lead to an 
overestimation of the photosynthetic activities of the corals. Furthermore, self shading 
of the zooxanthellae inside the coral may also account for the non-linear relationship 
between the zooxanthellae densities, chlorophyll-a concentrations and the exact 
photosynthetic activities measured by the Diving PAM. The zooxanthellae may stack 
together and packed closely inside the coral tissues, hence not all of them would be 
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exposed to sunlight. They may be shading off themselves such that a partial number of 
zooxanthellae can maximize the sunlight obtained to carry out photosynthesis. 
The lack of significant correlation between zooxanthellae and chlorophyll-a 
concentrations with photosynthetic activities measured by the Diving P A M may 
suggested that the former is not a good indicator of photosynthetic activities or 
responses to other environmental conditions. Further studies are needed to explore the 
significance and limitations of using zooxanthellae and chlorophyll-a concentrations as 
an indicator of coral physiological response to environmental change. 
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Table 3.1 The results of two -way A N O V A on the photosynthetic quantum 
yield of different regions of corals in different times. Significant values 
(P<0.05) are given in bold. 
A M W shallow water 
Source df Mean Square F P 
M O N T H 12 0.1735 34.0854 <0.0001 
REGION 2 0.2522 49.5644 <0.0001 
M O N T H * REGION 24 0.0191 3.7533 <0.0001 
Error 351 0.0051 
Total 390 
A M W deep water 
Source df Mean Square F Sig. 
M O N T H 11 0.1712 52.9205 <0.0001 
REGION 2 0.0845 26.1382 <0.0001 
M O N T H * REGION 22 0.0109 3.3717 <0.0001 
Error 321 0.0032 
Total 357 
A Y W shal low water 
M O N T H 10 0.1469 56.5341 <0.0001 
REGION 2 0.0380 14.6149 <0.0001 
M O N T H * REGION 20 0.0055 2.1168 0.0040 
Error 303 0.0026 
Total 336 
AYW deep water 
M O N T H 11 0.0467 6.6756 <0.0001 
REGION 2 0.0232 3.3120 0.0376 
M O N T H * REGION 22 0.0086 1.2238 0.2243 




Table 3.2 Results of One way A N O V A , showing the differences in the 
photo synthetic activity of corals between areas under different conditions. 
Significant P values (P<0.05) are given in bold. Significant (P<0.05) 
relations are given in bold. 
Water depth Portion Month P value Portion Month P value Portion Month P value 
Shallow Top Mar 01 <0.001 Middle Mar 01 <0.001 Bottom Mar 01 0.016 
Apr 0.001 Apr 0.003 Apr 0.538 
May 0.501 May 0.096 May 0.394 
Jun 0.538 Jun 0.105 Jun 0.608 
Jul 0.569 Jul 0.374 Jul 0.584 
Aug 0.690 Aug 0.583 Aug 0.694 
Sep 0.791 Sep 0.968 Sep 0.741 
Oct 0.063 Oct 0.1047 Oct 0.247 
Nov 0.865 Nov 0.369 Nov 0.023 
Dec 0.004 Dec 0.694 Dec 0.001 
Jan 02 0.085 Jan 02 0.095 Jan 02 0.077 
Feb 0.002 Feb <0.001 Feb 0.001 
Mar 0.004 Mar 0.063 Mar 0.005 
Apr <0.001 Apr <0.001 Apr <0.001 
Water depth Portion Month P value Portion Month P value Portion Month P value 
Deep Top Mar 01 <0.001 Middle Mar 01 <0.001 Bottom Mar 01 0.036 
Apr 0.426 Apr 0.542 Apr 0.053 
May 0.366 May 0.458 May 0.852 
Jun 0.495 Jun 0.345 Jun 0.485 
Jul 0.847 Jul 0.034 Jul 0.583 
Aug 0.258 Aug 0.195 Aug 0.159 
Sep 0.829 Sep 0.021 Sep 0.102 
Oct 0.748 Oct 0.963 Oct 0.835 
Nov 0.025 Nov 0.036 Nov 0.035 
Dec <0.001 Dec <0.001 Dec 0.002 
Jan 02 0.069 Jan 02 0.0789 Jan 02 0.0752 
Feb <0.001 Feb 0.001 Feb <0.001 
Mar 0.114 Mar 0.697 Mar 0.428 
Apr 0.036 Apr 0.161 Apr 0.154 
86 
Chapter 1 
Table 3.3 Results of Two-way A N O V A on the photochemical quenching 
(qP) of different regions of corals in different times. Significant values 
(P<0.05) are given in bold. 
A M W shallow water 
Source df Mean Square F P 
M O N T H 12 0.1251 29.4545 <0.0001 
R E G I O N 2 0.0712 16.7492 <0.0001 
M O N T H * R E G I O N 24 0.0062 1.4651 0.1025 
Error 361 0.0042 
Total  
A M W deep water 
Source df Mean Square F P 
M O N T H 12 0.1569 59.9763 <0.0001 
REGION 2 0.0244 9.3405 0.0001 
M O N T H * REGION 24 0.0051 1.9429 0.0176 
Error 340 0.0026 
Total 367 
A Y W Shallow  
Source df Mean Square F P 
M O N T H 12 0.1681 75.8336 <0.0001 
REGION 2 0.0133 6.0193 0.0028 
M O N T H * REGION 24 0.0050 2.2526 0.0070 
Error 322 0.0022 
Total 346 
A Y W Deep water 
Source df Mean Square F P 
M O N T H 12 0.0531 42.5889 <0.0001 
REGION 2 0.0203 16.2907 <0.0001 
M O N T H * REGION 24 0.0045 3.5927 <0.0001 




Table 3.4 Results of Pearson Bivariate Correlation on the photosynthetic 
activity of the corals and the radiation recorded within 24 hour period in 
May and July. Correlation is significant at 0.05 level (2-tailed). Significant 
value (P<0.05) are given in bold. 
Coral A May 2002 
Top Bottom 
PAR value Pearson Correlation -0.820 -0.481 
P 0.001 0.096 
N n 13 
Coral B May 2002 
Top Bottom 
PAR value Pearson Correlation -0.558 -0.337 
P 0.048 0.260 
N 13 13 
Coral C May 2002 
Top Bottom 
PAR value Pearson Correlation -0.579 -0.525 
P 0.038 0.065 
N 13 13 
Coral A July 2002 
Top Bottom 
PAR value Pearson Correlation -0.694 -0.694 
P 0.009 0.009 
N 13 13 
Coral B July 2002 
Top Bottom 
PAR value Pearson Correlation -0.686 -0.939 
P 0.013 0.006 
N 12 12 
Coral C July 2002 
Top Bottom 
PAR value Pearson Correlation -0.570 -0.738 
P 0.053 0.006 
N 12 12 
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Table. 3.5 Results of Pearson Correlation showing significant correlation between 
the water temperature and the photosynthetic activities of the corals in A M W . 
Significant values (P<0.05) are given in bold. The correlations were more significant 
with a time lag of one month. 
* TOP - Top region of the corals; MID 一 Middle region of the corals; B O T 一 Bottom 
region of the corals 
Without time lag 
A M W shallow water TOP MID BOT 
TEMP Pearson Correlation 0.415 0.434 0.534 
P 0.179 0.159 0.074 
N 12 12 12 
With antecedent time lag of one month 
A M W shallow water TOP MID BOT 
TEMP Pearson Correlation 0.719 0.744 0.799 
P 0.008 0.006 0.002 
N 12 12 12 
Without time lag 
A M W deep water TOP MID BOT 
TEMP Pearson Correlation 0.390 0.590 0.505 
P 0.211 0.043 0.094 
N 12 12 12 
With antecedent time lag of one month 
A M W deep water TOP MID BOT 
TEMP Pearson Correlation 0.593 0.750 0.629 
P 0.042 0.005 0.028 
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Fig. 3.1 Principle of fluorescence quenching analysis by saturation pulse 
performed by the Diving P A M where Fo and F m are respectively the minimum 
and maximum yields of chlorophyll fluorescence measured after dark-adaptation; 
Fv is the variable fluorescence (=Fm-Fv); F, and Fm' are the steady state and 
maximum yields of chlorophyll-a fluorescence measured at ambient light 
respectively (Adopted from Walz Diving P A M user manuel). 
Fv/Fm is the maxium quantum yield of photochemistry in PS II measured on 
dark-adapted samples 






Fig. 3.2 The Underwater Pulse Amplitude Modulated Flurometry. 
One of the probes (A) was for the emission of the pulse light and the 
detection of the fluroscence and the other (B) was for the 
measurement of the PAR. The quantum yield, and photochemical 
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Fig. 3.3 The photosynthetic quantum yield of corals in 
AMW(土SD) in (A) shallow water and (B) deep water. Lower 
photosynthetic activities were observed in winter and spring 
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Fig 3.4 The photosynthetic quantum yield of corals in A Y W 
(±SD) in (A) shallow water and (B) deep water. The trend was 
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Fig. 3.5 The photosynthetic quantum yield (士SD) of the top 
region of corals in shallow water in A M W and A Y W . A more 
obvious seasonal trend was observed in A M W with the values in 
A M W almost always being lower than those in A Y W . Exceptional 
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Fig. 3.6 The photosynthetic quantum yield (士SD) of the middle 
region of corals in shallow water in A M W and A Y W . A more obvious 
seasonal trend was also observed in A M W . The quantum yield in 








- # - A M W 
AYW 
0.3H I i 1 I i I 1 
Fig. 3.7 The photosynthetic quantum yield (士SD) of the bottom 
region of corals in shallow water in A M W and A Y W . A more 
obvious seasonal trend was observed in A M W , while the quantum 
yield of A Y W did not show too much changes. 
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Fig. 3.8 The photosynthetic quantum yield (士SD) of the top region 
of corals in deep water in A M W and A Y W . Again the seasonal trend 
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Fig. 3.9 The photosynthetic quantum yield (±SD) of the middle 
region of corals in deep water in A M W and A Y W . 
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Fig. 3.10 The photo synthetic quantum yield (士SD) of the bottom 
region of corals in deep water in A M W and A Y W . A lower value was 




0 .8 -|  
o 0.4 - � jf" 




0_3 - —#— Top region 
— M i d d l e region 
—•— Bottom region 
B 




• Top region 
• Middle region 
—•— Bottom region 
03 一 … 沙 令 \ 
Fig. 3.11 The mean photochemical quenching (±SD) of the 
corals in (A) shallow water and (B) deep water in A M W . A drastic 
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Fig. 3.12 The photochemical quenching (±SD) of the corals 
in (A) shallow water and (B) deep water in A Y W . A drastic 




~ • ~ q u a n t u m y i e l d  
P A R 
0.75 n r 500 
0.70 - T T T 』 
^ T ^ ^ 八 400 
： ： ： ： … 
0.55 - J ^ ^ - 200 
0.50 - // i \ 
X - 100 
0.45 - // 
-L - 0 
0.40 - u 
A 
0.35 -J ‘ ‘ ‘ 1 ‘ ‘ ‘ 1 ‘ ‘ ‘ 1  
0.75 -1 r 400 
0.70 - T T /K /f\ A - 350 一 
\ T \ 
0.65 - K y \ / T\ J* r 300 CN 
0.6。- / \ f _ 25。I 
? 。.55 — / \ } / - 2。。 I 
.塞 0.50 - / \ / \ - 150 • 
I / 丄 V i 
0.45 - J - 100 Q： 
3 / \ 2 
a 0.40 - / - 50 
0.35 -J . ‘ ‘ 1 ‘ ‘ ‘ 1 ‘ ‘ ‘ 1 ‘ L^ 0 
0.80 -1 r 400 
0.5- T A - A �H \ lA s r^  -3。。 
• .65- 1 L \ / -2。。 ：：X v v ^ , 
0,50 -J . . . 1 • . . 1 . • • 1 ‘ L 0 
0700 0900 1 1 00 1 300 1 500 1 700 1900 
Time 
Fig. 3.13 Diurnal changes in the mean photosynthetic activities 
(士SD) of the top region of the three colonies of Porites lutea (A, 
B, & C) from 0700 to 1900 hrs in May 2002, and changes in the 
underwater PAR over the same time period. 
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Fig. 3.14 Diurnal changes in the mean photosynthetic 
activities (±SD) of the bottom region of the three colonies of 
Porites lutea (A, B, & C) from 0700 to 1900 hrs in May 2002, 
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Fig. 3.15 Diurnal changes in the mean photosynthetic 
activities (士SD) of the top region of the three colonies of 
Porites lutea (A, B, & C) from 0700 to 1900 hrs in July 
2002, and changes in the underwater PAR measured over 
the same time period. 
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Fig. 3.16 Diurnal changes in the mean photosynthetic activities 
(±SD) of the bottom region of the three colonies of Porites lutea 
(A, B, & C) from 0700 to 1900 hrs in July 2002, and changes in 
the underwater PAR measured over the same time period. 
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Fig. 3.17 Comparison of the underwater PAR irradiance recorded at 
different levels in May and July 2002. A great reduction in the PAR 
was recorded between the water surface and near the corals. Tidal levels 
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Fig. 3.20 The relationship between the photosynthetic activity of the corals in 
shallow water in A M W and their height. No observable trend was found between 
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Fig. 3.21 The relationship between the photosynthetic activity of the corals in 
shallow water in A Y W and their height. Again, no observable trend was found 
between these two parameters. 
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Fig. 3.23 The photosynthetic activities of the corals in the shallow 
water (middle graph) and in deep water (bottom graph) of A Y W in the 
presence of algal cover over the same period. The seasonal pattern of 
the quantum yield was not very clear, but lower quantum yield was also 
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The effects of drifting fleshy macroalgae on corals: A caging 
manipulation of their effect on the photosynthetic activities of the 
corals 
4.1 Introduction 
In the recent past, reports of rapid decline of the health of the reef and localized phase 
shifts towards the macroalgae-dominated system have highlighted the importance of 
competition between corals and algae. This competition has a negative effect on the 
long-term survivorship and growth of the corals (Hughes 1989, 1994; Done 1992; 
Knowlton 1992; Lapointe 1997). Coral colonies which were in direct contact with the 
algae experienced reduced growth and fecundity, as well as increased tissue mortality 
(Potts 1977; Lewis 1986; Hughes 1989; Coyer at al 1993; Tanner 1995; Miller & Hay 
1996; Miller 1998). In Chapter 3, it was found that the photosynthetic activity of the 
corals could also be affected by the presence of algae. The main causal agent was 
thought to be shading as well as the frequent brushing of the algal thallus on the coral 
tissues, causing the coral polyps to be retracted for prolonged period of time. However, 
low water temperature during winter-spring may also be critical. 
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The objective of this chapter was to quantify and verify the effects exerted by the fleshy 
macroalgae on the photosynthetic activity of the corals by caging experiment. Under 
natural conditions, the corals may not always be covered by the drifting algae. There 
remains some doubts as to whether the lower photosynthetic activity of the coral 
recorded in winter-spring was caused by these algae. Other environmental factor may 
also contribute to this effect. By the use of a cage, both algae and coral were enclosed 
and the direct encounter between the corals and the drifting algae could be ensured. 
Any change in the quantum yield of the coral could be more directly attributable to the 
presence of the algae. 
4.2 Methods and Materials 
4.2.1 Setting up of the cages 
The caging experiment was carried out during February and March 2002. The algal 
bloom during this time was not as serious as that in the previous year (Chapter 2). 
Under the 'natural' environment, corals were not extensively covered with algae, but 
were only occasionally covered by the drifting algal biomass. Under the stimulated 
environment, caged corals were covered with the brown algae, Sargassum sp. collected 
from a nearby site in Lung Lok Shui (LLS) (Fig. 1.2). The algae was freshly removed 
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with their holdfast attached, and were immediately transported to fill up the cages. 
The algae remained inside the cages as unattached drifting biomass throughout the 
whole study period, and were removed only at the end. 
The cages were made of stainless steel with about Icm^ mesh size. These cages were 
cylindrical in shape, 80cm in diameter, and 1 meter in height (Fig. 4.1). An opening 
was made on the side of the cage to enable access to the enclosed coral for 
photosynthesis measurement. Large granite rocks were placed around the cages to 
secure their position under water. 
4.2.2 Setting up of the corals 
The manipulation experiments were set up in triplicates in the shallow water of A Y W . 
Each set of experiment consisted of the following (Fig. 4.2): one cage, the treatment 
cage, with one colony of Porites lutea and algae; one cage, the cage control, with one 
colony of Porites lutea but without any algae; one control colony of Porites lutea that 
was uncaged. The treatment cage with coral and macroalgae simulated the frequent 
brushing by presence of algae that covered the corals, causing the drifting algae on the 
coral during winter-spring. The cage control was a control against the effect of cage 
enclosure on corals. Algal bloom was not serious at the time of the experiment, so no 
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algae were found surrounding the coral in the uncaged control. All nine colonies of 
lutea selected for the experiments were of similar height of about 50cm. 
4.2.3 Measurement of the photosynthetic activities of the corals 
The cages were setup in late February 2002. The photosynthetic activity (quantum 
yield) of the corals was measured by the Diving P A M . The first measurement was 
taken on the day when the cages were set up. Drifting algae were put in the cages a 
week later on 26 Feb 2002, and the quantum yield of the corals was measured weekly 
thereafter until 28 Mar 2002. 
4.2.4 Data and statistical analysis 
The photosynthetic activities of the corals under different treatments were compared 
using two way A N O V A . The factors tested were treatment and time. 
4.3 Results 
4.3.1 The photosynthetic activity of the corals under different treatments 
The measurement of the photosynthetic activity of the corals started in late February. 
Before the fleshy macroalgae were added to the cage, the quantum yield of the corals 
measured on 21 Feb was in the range from 0.62 to 0.65, for both the top and bottom 
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regions (Fig. 4.3 & Fig. 4.4). On the day, 26 Feb, before algae were added to the cage, 
the quantum yield of the corals remained within similar range. After the addition of 
the drifting algae, the photo synthetic activity of the corals was then measured every 
week until the algae had started to decay at the end of March. 
PAR level was also measured at the same time as the photo synthetic activities of the 
corals. On average, it was found that the PAR level in the cage with algae was reduced 
by 62.81% in the top region and 77.21% in the bottom region of the corals enclosed. 
The two controls had similar PAR level, with the bottom region of the coral receiving 
less PAR than the upper region (Table 4.1). This indicated that the cage did not 
significantly affect the amount of light reaching the coral surface. 
A drastic drop in the quantum yield of the corals in the treatment cages was detected. 
The quantum yield of the top regions of the corals dropped from 0.62 to 0.46 a week 
after the addition of the drifting algal mass to the cages (Fig. 4.3). This phenomenon 
was similarly observed for the bottom regions of the corals with the quantum yield 
dropping from 0.65 to 0.41 (Fig. 4.4). These changes were statistically very 
significant (Table 4.2) over time. The quantum yield of the corals gradually increased 
from 5 Mar to 28 Mar 2002, but remained lower than those observed in corals in the 
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caged and uncaged controls. 
No significant drop in the quantum yield of the corals in the caged and uncaged controls 
was observed. The quantum yields of the top and the bottom regions of the corals 
were not statistically different (Table 4.3) and remained within the range from 0.60 to 
0.65 throughout the study period (Fig. 4.3). No statistical difference was observed 
between the quantum yields of the top region of the corals in the caged and uncaged 
controls over time but statistically significant difference was detected in those of the 
bottom region (Table 4.3). 
4.3.2 The photosynthetic activities of different regions of the corals in each treatment 
Both the top and the bottom regions of the corals under the caged treatment showed 
similar pattern of changes in the quantum yield over time (Fig. 4.5). There were, 
however, slight differences in the pattern of change in the quantum yield recorded in the 
two control setups, i.e. the caged and the uncaged controls. The quantum yields of the 
top region were generally lower than those of the bottom region (Fig. 4.5), but there was 
a sharper drop in the quantum yield of the bottom region of the corals in the caged 
control in 5 Mar 2002. Nonetheless, the differences in the quantum yield between the 




Experimental designs in monitoring competition models have long been set up in many 
research studies. Most of these involve the manipulations of the competiting species 
or the resources (Olson & Lubchenco 1990). The strength of the competition depends 
on the densities and the abundance, e.g. density and the percentage cover, of the 
competitors used. An ideal competition experiment should be conducted in the field 
rather than in the laboratory and with suitable replications, so that it could evaluate such 
a competition as a natural process (Connell 1983; Schoener 1983). 
Competitor-removal or transplant experiment was the most common and perhaps the 
most effective method to manipulate the density of the competitors. Such method was 
widely used in monitoring the competition of algae with other competitors, e.g. sea 
urchins, gastropods, fish, and even corals (Carpenter 1986; Lirman 2001; Thacker et al. 
2001). This usually involves the use of cage to exclude the predators or the 
competitors, or the introduction and fixing of certain factor into the experimental setup. 
This caging method has been adopted in many coral-algal interactions studies. It was 
used also for the exclusion of herbivores (Carpenter 1986; Miller et al. 1996; Lirman 
2001; Thacker et al. 2001). These studies showed that the exclusion of herbivores by 
the cage would decrease the grazing rate on the seaweeds, hence would allow better 
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growth of the seaweed. In relation with the corals, the reduction in the number of 
seaweeds by herbivores, or the reduction of the algal biomass in the cage would 
increase the recruitment rate of the corals (Miller & Hay 1996). Decreased growth rate 
was observed in caged corals like Porites astreoides, and increased tissue mortality in 
Montastraea faveolata under the abundant growth of algae (Lirman 2001). 
Such caging manipulation mainly focused on the recruitment rate, the mortality and the 
growth of the corals, but seldom focused on their physiological responses, e.g. changes 
in photosynthetic activities. The effect of the interaction between corals, algae, grazers 
and nutrient on the physiological change of the corals is not well known. 
This present experiment tested the influence of the fleshy macroalgae on the 
photosynthetic activity of the corals. This experiment was complementary to the 
previous one on the study of changes in the photosynthetic efficiency of the corals over 
time (Chapter 3). This caging experiment was also performed in situ, and hence, had 
the advantage of being able to isolate a single factor to test its effect on the corals. 
The photosynthetic yield of the corals was significantly decreased during the algal 
bloom (Chapter 3). The most affected was the top region of the corals. The 
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photosynthetic activity of the corals remained low in the winter-spring period. The 
frequent lashing of the drifting algae on the coral tissues, and the blockage of the 
sunlight and nutrients reaching the coral tissues were hypothesized to have affected the 
overall healthiness of the corals, resulting in a lowering in their photosynthetic 
efficiencies (Chapter 3). 
Under natural conditions, the interaction between the corals and the drifting algae may 
be very variable. Apart from the algae, other organisms could also come into contact 
with the corals. Since the algae were just drifting around, they may be carried by the 
waves and current and may not always be in direct contact with the corals. This poses 
some difficulties in concluding that the fall in the quantum yield of the corals was 
directly linked to the presence of the algae. The use of cages in this experiment 
secured the algae in position, so that the corals were covered by the algae most of the 
time. Other organisms, like sea urchins, fishes and coral predators were not able to 
enter the cages either, thus isolating the factor of ‘algae’ in such an interaction. 
Several treatments were done in this experiment to simulate different conditions. The 
caged treatment with the drifting algae artificially put inside the cage allowed frequent 
brushing of the algae on the corals, as was in the natural environment. The caged 
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control had no algae put inside, and the corals were monitored inside the cage. This 
simulated the natural environment with no algae present, but also excluded other 
organisms from direct contact with the corals. The results of this experiment showed 
that the presence of the algae really lowered the photo synthetic activities of the coral. 
The quantum yield of the caged treatment corals remained low throughout the 
one-month experimental period. Although it gradually increased towards the end of 
the experiment, this gradual rise might be due to the decay of the fleshy algae inside the 
cage, exposing the coral more and more to natural conditions. Under unfavourable 
conditions, most organisms will immediately carry out correspondent response in order 
to maintain their equilibrium, this may lead to certain adverse effect to the organisms 
themselves. In some cases, the organisms will be acclimated in a short time, this is a 
kind of adapative process. The increase in the photo synthetic activities of the corals 
shortly after the addition of the algae may be an adaptive response. However, 
acclimation of corals is not fully studied. Further demonstration would be needed to 
verify this type of response. 
There was no significant growth of drifting algae in the winter spring of 2002. Thus, 
the uncaged control corals were not subject to much interaction with algae. This 
condition was thus not much different from that of the caged control corals. No 
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significant difference in the quantum yield of corals in caged and uncaged control 
indicates that caging did not impose a significant effect on the corals. The presence of 
algae was the most plausible reason for lowering of the photosynthetic activity of the 
corals in the winter-spring season. 
Under natural condition, the top region of the coral was more exposed to sunlight, and 
hence showed a lower quantum yield due to photoinhibition of its symbiotic 
zooxanthellae (see also Chapter 3). This phenomenon was also observed in the corals 
in this experiment, but much more in the caged control than in the caged treatment or 
the uncaged control. The presence of fleshy macroalgae in the caged treatment could 
have blocked some of the excess irradiance, thus preventing photoinhibition. Such 
could also be the case in nature, where drifting algae may also play some positive role 
in reducing photoinhibition. 
Results from this caging experiment complemented the results observed in field 
monitoring (Chapter 3), which showed that the photosynthetic activity of the corals was 
affected by the winter-spring algal bloom. Findings from this experiment indicated 
that the algal thalli, apart from frequently lashing on the corals forcing prolonged 
retraction of the coral polyps, would also shade off the essential irradiance needed for 
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coral growth. The latter is likely to be the main reason that leads to a reduction in the 
photosynthetic activity of the corals. But this unfavourable situation appears only 
seasonally in nature. Most corals are able to recover and regain their photosynthetic 
activity once the algae are gone. The effect of coral and macroalgal interactions is thus 
very seasonal. Corals may suffer from reduced photosynthesis, this may lead to 
reduced growth rate. Once this effect exceeds the threshold level of the coral, coral 
may die which eventually would lead to the loss of coral coverage in the community. 
In the present case, there is no evidence to indicate that this threshold level has been 
reached. Corals tend to be able to regain their normal level of photosynthetic activities 
in summer. Hence, the coral and algal interaction does not lead to mass mortality of 
the corals and the destruction of the reef. 
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Table 4.1 The photo synthetically active radiation (PAR) (jimol quanta 
recorded in different regions of the three corals in different treatment cages on 26 
Feb 2002 after the addition of algae. The PAR measured inside the cage treatment 
was far lower than that in the two controls. 
Coral regions Caged treatment Caged control Uncaged control 
ComlA Top 183.667 507.667 549.000 
Bottom 142.667 500.000 472.333 
Coral B Top 141.667 457.667 473.000 
Bottom 73.000 413.333 394.333 
Coral C Top 195.667 440.333 377.667 
Bottom 83.108 376.333 342.333 
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Table 4.2 Results of two-Way A N O V A on the quantum yield of (A) the top regions 
and (B) the bottom regions of the corals under different treatments over time. The data 
were natural log transformed. The different treatments included the caged treatment, 
the caged control and uncaged control. 
Levene's Test of homogeneity showed that the variance among the yield data are not 
significantly different (For top region of the corals ¥=2.599, P=0.08; For the bottom 
region of the corals F=2.675, P=0.06) 
A. Top region of the corals  
Dependent Variable: YIELD 
Source df Mean Square F P 
TIME 5 455.985 4.980 0.001 
T R E A T M E N T 2 1188.907 12.986 <0.001 
TIME * T R E A T M E N T 10 280.796 3.067 0.006 
Error 36 91.556 
T ^ 54 
B. Bottom region of the corals  
Dependent Variable: YIELD  
Source df Mean Square F P 
TIME 5 551.056 6.059 <0.001 
T R E A T M E N T 2 1465.389 16.113 <0.001 
TIME * T R E A T M E N T 10 352.144 3.872 0.001 
Error 36 90.944 
Total M  
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Table 4.3 Results of two-Way A N O V A on the quantum yield of (A) the top regions 
and (B) of the caged and the uncaged control corals over time. The data were natural 
log transformed. 
Levene's Test of homogeneity showed that the variance among the yield data are not 
significantly different (For top region of the corals F=1.537, P=0.182; For the 
bottom region of the corals F二2.071, P=0.066). 
A. Top region of the corals 
Dependent Variable: YIELD  
Source df Mean Square F P 
TIME 5 125.778 1.200 0.339 
T R E A T M E N T 1 69.444 0.662 0.424 
TIME * T R E A T M E N T 5 24.111 0.230 0.946 
Error 24 104.833 
Total 36 
B . Bottom region of the corals  
Dependent Variable: YIELD  
Source df Mean Square F P 
TIME 5 277.517 4.178 0.007 
T R E A T M E N T 1 90.250 1.359 0.255 
TIME * T R E A T M E N T 5 101.383 1.526 0.219 




Table 4.4 Results of two way A N O V A on the quantum yield in different 
regions of the corals over time. Data were natural log transformed. The data 
tested included yield from the upper region and the bottom region of the corals. 
Levene's Test of homogeneity showed that the variance among the yield data are 
not significantly different (For caged treatment F=2.173, P=0.054; For caged 
control F=2.440, P=0.33; For the uncaged control F=1.403, P=0.235). 
Caged treatment  
Dependent Variable: YIELD  
Source df Mean Square F P 
TIME 5 662.800 31.857 <0.001 
REGIONS 1 2.778 0.134 0.718 
TIME * REGIONS 5 13.778 0.662 0.656 
Error 24 20.806 
Total 36 
Corrected Total 35 
Caged control  
Dependent Variable: YIELD  
Source df Mean Square F P 
TIME 5 190.428 2.093 0.101 
REGIONS 1 200.694 2.206 0.150 
TIME * REGIONS 5 56.294 0.619 0.687 
Error 24 90.972 
Total 36 
Corrected Total ^  
Uncaged control  
Dependent Variable: YIELD  
Source df Mean Square F P 
TIME 5 175.444 2.156 0.093 
REGIONS 1 4.000 0.049 0.826 
TIME * REGIONS 5 99.667 1.225 0.328 
Error 24 81.361 
Total 36 




Fig. 4.1 Picture of a cage used for this experiment for the enclosure of the coral 
and algae. The cages were about 80cm in diameter, and 1 meter in height. An 
opening was made on the side of the cage to enable access to the enclosed coral 
for photosynthesis measurement by Diving PAM. 
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Fig. 4.2 The setup of the cages. (A) The treatment cage, enclosing 
a single colony of coral and drifting algae. (B) The caged control, 
with only a colony of coral, but without any algae. (C) The 
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Fig. 4.3 The quantum yield of the top region of the corals in the 
treatment, caged and uncaged controls. The arrow indicated the time 
when drifting algae were added into the cage. After the adding of the 
algae, there was a significant drop in the quantum yield of the corals in 
the caged treatment. The quantum yield remained low throughout the rest 
of the experiment but started to rise gradually. No significant changes in 
the quantum yield of the corals in the caged and uncaged control were 
observed throughout the experiment. 
132 
Chapter 6 
0.70 -|  
0 . 6 0 - ^ 工 \ 
0 丄 \ 丄 T 
I . 
§ 。.50- U \ Z 丄 
^ \ t / 
0.45 - \ Z 
Q 4Q _ —•— caged treatment 
—O— caged control 
丄 —O— uncaged control 
0.35 1 1 1 1 I 1 
21-Feb 26-Feb 5-Mar 19-Mar 14-Mar 28-Mar 
Date 
Fig. 4.4 The quantum yield of the bottom region of the corals in the 
treatment, caged and uncaged controls. The arrow indicated the time 
when drifting algae were added into the cage. After the adding of the 
algae, there was a significant drop in the quantum yield of the corals in 
the caged treatment. The quantum yield remained low throughout the 
rest of the experiment, but started to rise gradually. No significant 
changes in the quantum yield of the corals in the cased and uncaged 
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corals under different treatments. A. Caged treatment; B. Caged 
control; C. Uncaged control. Arrows indicate the time when algae were 




Interactions between corals, filamentous algal turf and encrusting 
coralline algae in Tung Ping Chau 
5.1 Introduction 
Phase shift in the coral reef has attracted much worldwide attention. Most of the 
research, however, was focusing on the interactions between macroalgae and corals and 
describing how these fleshy algae affected coral growth, reproduction, and other 
physiological activities. There are other algae, while small and seldom being noticed, 
that also compete with the corals in the reef system. These are the filamentous algal 
turf. These filamentous algal turfs are usually a mixture of different algae, composed 
mainly of red algae, but may sometimes be mixed with some green and brown algae. 
These algae compete directly with the corals for space. They settle on the coral 
surface or along the coral-algae interphase boundary, and interfere with the coral tissue. 
The growth and blooming of macroalgae (Lamed 1998; Miller 1998; Schaffelke 1999), 
as well as cyanobacteria (Nascimento et al. 1999), are known to be related to nutrient 
overflow, provided that nutrients are the limiting factor under those circumstances. 
There are, however, very few research on the relationship between algal turf and 
nutrients. Algal turfs tend to settle on the injured or exposed area of the coral skeleton, 
135 
Chapter 6 
thus posing certain threat on the recovery of the coral from such lesions (Bak & 
Steward-Van 1980; Hall 1997). During these interactions, the corals may also threaten 
the growth of the algal turf. In some cases, the algal turf would be displaced, and the 
infected area would be covered by the re growth of the coral tissues. McCook (2001) 
examined the interaction between the coral Porites lutea and the filamentous algae in 
the Great Barrier Reef. These algae and corals were competing for space. It was 
found that the algae seemed to have little effects on the coral growth, however, the coral 
significantly inhibited the growth of the algae. This means that the coral in this case 
had the competitive superiority. 
Another kind of algae, the encrusting crustose coralline algae (CCA), would also 
compete with corals in the same manner. They grow on or around the coral surface 
and compete for space against the corals. The most famous coralline alga which 
settled on coral surface, and then overgrew and killed coral in many Indo-Pacific 
regions is Pneophyllum conicum (Keats et al. 1997a). It is a widespread Indo-Pacific 
coralline Rhodophyte. In a coral health survey in Mauritius, 80% of the corals were 
found to be covered by P. conicum (Antonius 2001). 
In a similar manner, coralline algae will colonize the injured area of the corals or grow 
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on the coral surface (Keats et al. 1997a). Overgrowing the coral head by these algae 
would depend on the health conditions of the corals. Corals having lesions or having 
low competitive ability would favour the settlement of the algae. A weakened coral 
would be more prone to the settlement of these algae. The detailed mechanism in this 
interaction between coralline algae and coral, however, is not well understood. 
The mechanisms of competition between algae and corals were studied in some 
experiments. It was believed that algae, especially those macroalgae would secret 
some alleochemicals to inhibit coral growth (River & Edmunds 2001). Allelopathic 
substances are also found to be present in CCA. Suzuki et al. (1998), had isolated an 
allelopathic substance that destroys zoospores of the brown algae, Laminaria spp. from 
a C C A , Lithophyllum spp. Coralline algae were also known to have epithallial 
shedding cells. This layer of surface cells is able to shed off periodically, thus giving 
the algae an antifouling mechanisms that would allow them to compete more effectively 
against other benthos (Keats et al. 1997b). C C A use these different strategies to 
reduce epiphytic growth on their surface, increasing their competitive ability. 
This present study was a preliminary observation on the general phenomenon of coral 
interaction with algal turf and CCA. It did not involve any manipulation with the coral 
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nor the algae. The main objective was to document any competitive interaction 
between marked corals and algae over a time period using permanent quadrats. 
5.2 Methods and Materials 
The competition between corals and algal turf, and that between corals and coralline 
algae were determined by monitoring progressive growth of the competitors on either 
side along their interaction margin. In Tung Ping Chau, Porites lutea is the coral 
species with the most number of algal turf and coralline algae growing on its surfaces. 
This might be due to the relatively low competitive ability of P. lutea compared with 
other coral species (Cheang 1998). Fifteen permanent coral colonies of Porites lutea 
were marked. These marked colonies had either filamentous algal turf or encrusting 
coralline algae growing on their surfaces. On each selected coral surface, three to four 
stainless steel nails were used to fix a small 25cm x 25cm quadrat that was divided into 
25 squares, each 1cm x 1cm in size. This quadrat would cover the area of the 
interacting zone between the algae and the coral. The number of squares inside the 
quadrat that covered the interaction zone was counted and monitored over a period of 12 
months from April 2001 to April 2002. The image of each square within the quadrat 
was videotaped bimonthly and the images were captured in a computer and compared 
using an image analyzer (Image Pro 4.5). Any changes along the interaction margin 
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were then classified into three categories: i) algal turf/coralline algae overgrowing 
corals, ii) corals overgrowing algal turf/coralline algae and iii) no observable changes. 
Other observations on changes in the coral colony were also noted, e.g. growth of other 
invertebrates or other algae. The number of squares with each of the categories for 
each coral colony was tabulated and the proportion of each category among the three 
categories was then calculated and expressed as a percentage. Any competitive 
superiority between the algae and corals was evaluated based on the outcome of these 
interactions. 
5.3 Results 
5.3.1 Coral-algal turf interactions 
The total number of squares successfully monitored among all the quadrats in all 15 
coral colonies that had an interaction margin between coral and filamentous algal turf 
was 151. Throughout the 12 month monitoring period many changes had occurred. 
Either corals or the algal turf could be winning the competition. In many squares, 
seesawing between the competitors was the norm. It is therefore best to assess 
coral-algal turf interaction by comparing the net area occupied by either the coral tissues 
or the algal turf along the interaction margin within each square at the beginning and the 
end of the 12 month monitoring period. At the end of the study period, 73 (48.34%) of 
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the squares showed the algal turf winning the competition by growing over the coral 
tissues and increasing in their area (Fig. 5.1 & Fig. 5.2), 66 (43.71%) showed the corals 
growing over the algal turf (Fig. 5.3), and 12 squares (7.95%) showed no observable 
changes. The number of squares with algal turf winning in such a competition over 
that of coral was higher only by about 5% (Table 5.1), indicating the algal turf had only 
a little greater competitive advantage over the corals. 
5.3.2 Coral-coralline algae interactions 
The total number of squares that showed direct contact between corals and encrusting 
cmstose coralline algae (CCA) was only 58. This was much lower than that for the 
algal turf. Of these, 14 squares (24.14%) showed the C C A increasing in area along 
their contact boundary (Fig. 5.4), 20 squares (34.48%) showed the coral overgrowing 
the C C A (Fig. 5.5), and 18 squares (31.03%) showed that the CCA, after certain period, 
had been overgrown by the filamentous algal turf instead. This latter development 
eventually led to the competition between the algal turf and the corals (Fig. 5.6). Only 
six squares (10.34%) showed no observable changes after 12 months (Table 5.1). In 
this competition, the competitive ability of the C C A was worse than that of the corals. 
In most cases, they were being overgrown by the corals, or by the filamentous algae. 
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5.3.3 General observations on the growth of the algal turf and the C C A on corals 
The growth of the algal turf and the C C A on the corals varied among individual coral 
colonies. There was neither any temporal nor seasonal pattern observed. Within a 
single coral colony, certain area could be overgrown by the algal turf or the C C A , while 
on the other side of this same colony, the coral tissue could be growing over the algae. 
The problem of algal growth on coral was not serious. Throughout the study period, 
none of the areas overgrown by the algae within the coral colony was large enough to 
lead to any breakdown or mortality of the whole coral colony. 
5.4 Discussion 
In Tung Ping Chau, algal turf was observed to settle quite extensively on coral surfaces, 
especially on the coral Porites lutea. This might be so because P. lutea has weaker 
competitive ability among other corals (Cheang 1998). This indicated that P. lutea is 
in keen competition for space and other resources with these algae. The growth of 
algal turf was much better than that of coralline algae. The interactions between corals 
and algal turf have been demonstrated in many studies. Algal turfs have been shown 
to have variable effects on corals. They could inhibit the growth of the corals (Potts 
1977). They have been observed to easily colonize the injuries and the lesions on the 
coral surfaces. However, in most cases, the corals were able to recover from these 
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lesions. The algal turf was overgrown by the regeneration of new coral tissues (Bak & 
Steward-Van 1980; Hall 1997). This indicated that the corals were competitively more 
superior than the algal turfs in these cases. 
In Tung Ping Chau, the large number of direct contact between coral and algal turf 
observed indicates that competition between them is very intense. The competitive 
ability of the filamentous algae was also quite high, at least the percentage of algal turf 
overgrowing the corals was slightly higher than that of coral winning the competition. 
Their high competitive ability could also be inferred from their ability to displace or 
overgrow the coralline algae. 
Cmstose coralline algae (CCA) have their functional roles in a reef system. They 
contribute to the reef calcification and induce settlement of larvae of many benthic 
organisms. Many experiments had shown the C C A as a preferential substratum for 
larval settlement when compared with coral rubble and other biofilm (Slattery et al. 
1999). The epithelial shedding function of C C A may be an advantage to prevent other 
organisms from settling and growing on their surfaces. Other species, e.g. 
Pneophyllum conicum, were reported to cause extensive coral mortality during their 
competition with the corals in the Indo Pacific region (Antonius 2001). 
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region (Antonius 2001). 
In Hong Kong, the species diversity of C C A is not high, and their growth is relatively 
poor. Extensive competition with the coral is not commonly seen (personal 
observation). This was indicated by the low number of contact between corals and 
coralline algae observed in this experiment. The number of contact was far below that 
observed between corals and the algal turf. Among 209 squares inside the quadrats, 
only 58 (27.8%) showed direct contact between C C A and corals. This implies that the 
competition between C C A and corals is not serious in Tung Ping Chau. Apart from 
that, the competitive ability of the C C A in Tung Ping Chau is also not high. In most of 
the interactions observed in this experiment, they were the weaker side, i.e. they were 
overgrown by the corals. It was also common to find algal turf colonizing the area 
originally occupied by CCA. The threat of C C A to the corals, at least in Tung Ping 
Chau, is therefore not serious. 
When comparing the two functional groups of algae (algal turf ns CCA) in this 
experiment, the algal turf appeared to be a stronger competitor. However, one point 
should be noted that whether the competition favours the corals or the functional group 
of algae appears to vary among different corals individually or even among different 
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reefs. The exact details of the mechanisms of the interaction are not well understood. 
The individual conditions of the coral i.e. whether the coral colony was weakened by 
certain diseases or other reasons, and the competitive ability of that coral species, could 
be a critical factor. Injuries on corals, corals growing under eutrophic conditions and 
any natural or human disturbances to the corals might weaken them, hence favour the 
side of the algae in their competition. 
Filamentous algal turf and C C A are common competitors with the corals in Tung Ping 
Chau coral community as well as in other reefs. In Tung Ping Chau, the algal turfs are 
more successful in colonizing the limiting space in the reef. They settle on most of the 
coral surfaces, especially on coral lesions. C C A were not observed to be a strong 
competitor. In many cases, they were the loser in their interactions with the corals and 
algal turfs. These general observations provide the baseline information about coral 
and algal interactions. Many other factors would have interfered with these 
interactions. These include light intensity, salinity change, nutrients, predation or 
herbivory, among others, what have been observed in the present study is the end result 
of all these, presumably more complicated interactions. Any change in any of these 
factors could have exerted differential pressure in either the corals or algae, hence 
tipping the equilibriums of these interactions to either side. Further manipulative 
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experiments, e.g. removal or clearing of the algae on the corals, herbivory or nutrient 
manipulations, could help to evaluate the relatively importance of these external factors 
on the interactions and to elucidate the detailed mechanisms involved. 
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Table 5.1 The total number of squares in the quadrats that showed interaction 
margin between corals and (A) the algal turf and (B) the coralline algae, and the 
final observations in April 2002 on the outcome of the interaction over a 12 month 
period. 
A. Coral - Algal turf interactions 
No of contact Algal turf Corals No observable 
overgrowing overgrowing changes 
151 73 66 12 
48.340/0 43.710/0 7.95% 
B. Coral - Coralline algae interactions 
No of contact Coralline algae Corals Coralline algae 
overgrowing overgrowing overgrown by turf No observable 
algae changes 
58 14 20 18 6 






• Algae overgrowing corals 
• Corals overgrowing algae 
• No observable changes 
Fig. 5.1 The results of the coral-algal turf interactions from April 2002 
to April 2002, showing the combined number (and percentage) of squares 
with each category of competitive interaction: Algae overgrowing corals, 
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Fig. 5.3 Two pictures showing the same coral-algal turf 
interaction zone in April 2001 (top) and in November 2001 
(bottom). Part of the algal turf area (with circles) had been 
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• Corals overgrowing algae 
• Coralline algae overgrown 
by turf algae 
• No observable changes 
Fig. 5.4 The results of the coral-coralline algae interactions from April 2001 
to April 2002 showing the combined number (and percentage) of squares with 
each category of competitive interaction: Algae overgrowing corals, Corals 
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Fig. 5.5 Series of photos showing one of the same squares in the permanent 
quadrat in April 2001 (left), and April 2002 (right). The circle (left) indicated 
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Summary and Perspectives 
Three kinds of coral-algal interaction were observed in this project. They were the 
macroalgae-coral interaction, algal turf-coral interaction and the coralline algae-coral 
interaction. These coral-algal interactions were monitored and focused on the massive 
coral Porites lutea. These three kinds of interaction showed different results. 
In the competition with fleshy macroalgae, the effects on the corals were quantified by 
the usage of the Diving P A M . The results indicated that the photosynthetic activities 
of the corals were lowered in the presence of the fleshy macroalgae. During the study 
period, from March 2001 to April 2002, a significantly lower photosynthetic activity 
was recorded in the corals in winter and spring period, when the growth of the 
macroalgae was at its peak. The normative range of the photosynthetic quantum yield 
of the corals was between 0.6 and 0.7. Under the influences of the drifting algae, this 
dropped to 0.4 to 0.5. The drop may be a direct consequence of light shading and 
frequent lashing of the algal thallus on the coral tissues. Whether the retraction of the 
coral polyps may reduce the normal photosynthetic activities of the coral colony is not 
proven, but this remains a possibility. The polyp retraction may lower the self defense 
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ability of the corals by allowing other epizoids to get their ways to settle on the coral 
surface. 
This present study is the first one to examine the effect of coral algal interaction on the 
photosynthetic responses of corals. Different regions of the corals showed different 
photosynthetic efficiencies with the top region showing lower photosynthetic activity 
than the bottom region. This phenomenon is probably related to photoinhibition. 
The top region of the coral is more exposed to solar irradiance, hence, greater 
photoinhibition. This explanation could be supported by the results of diurnal 
measurement of the photosynthetic activities of the coral Porites lutea. A significant 
lower photosynthetic quantum yield was detected in the midday, negatively correlated 
with the presence of high amount of photosynthetically active radiation (PAR). 
In the other two kinds of interactions, the algal turf-coral and the coralline algae-coral 
interactions, the algae compete potentially with the corals for space. There might be 
other external factors acting on and affecting these interactions. These were not 
covered in this study. These two types of interactions were monitored through direct 
observations on permanently marked interacting boundaries between the algae and the 
corals. The results showed that the algal turf is a potentially stronger competitor than 
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the coralline algae. The percentage of times these algae won over the corals in their 
interaction was slightly higher than that of the corals winning the algal turf. On the 
other hand, the coralline algae had a lesser chance to overgrow the corals. They were 
overgrown by the corals, or even by the turf algae. 
Coral-algal interaction has been recognized as one of the key processes in determining 
the reef structure. Different coral species respond to coral-algal interaction differently. 
The response of different algal colonies of the same species may also differ. This may 
depend, to some extent on the health of the individual coral colonies. Coral-algal 
interaction may also be regulated by other external factors. In most cases, coral, algae, 
grazers and physico-chemical environment would all be interacting with one another. 
Grazers, such as fish and sea urchins, may remove the algae. Their presence would 
reduce the dominance of the algae, hence shifting the competition favouring the side of 
the corals. Any abnormal input of nutrient or organic waste in the water would 
provide a suitable medium for the growth of the algae, causing algal bloom. This 
would, on the other hand, shift the competition in favour of algae. 
In Hong Kong, algal bloom is a very seasonal phenomenon such that large scale 
coral-algal interaction would normally take place only in winter and spring. Grazers 
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like sea urchins and rabbit fish may also exert some grazing pressure on coral-algal 
interactions. This is, however, unlikely to be critical. Although seasonal growth of 
the algae may allow the corals to be released from the pressure of coral-algal interaction 
periodically, algal growth may still pose a serious effect on the growth or even survival 
of the corals. Extensive algal growth may be triggered by favourable environmental 
condition, e.g. low temperature. Excessive algal biomass drifting around could 
weaken the corals to an extent that they become colonized by other invertebrates like 
barnacles. They may be subject to injuries hence colonization by turf algal or coralline 
algae. These other algae and benthos compete the whole year round, even after all the 
drifting algae had died back. 
While no direct consequence of mortality in corals is attributable to coral-algal 
interactions, it is not clear how other factors, like increase nutrient loading, could 
change the behaviour of not just the large macroalgae, but also the turf algae. It is 
therefore important that coral-algal interactions should continue to be monitored. A 
better understanding of such interactions may provide some insight into the dynamic 




Aerts L.A.M (1998) Sponge/coral interactions in Caribbean reefs: analysis of 
overgrowth patterns in relation to species identify and cover. Marine Ecology 
Progress Series 175: 241-249. 
American Public Health Association (APHA). (1995) Standard methods for 
examinations of water and waste water ED]. American Public Health 
Assoication, Washington, DC. 
Andrews J.C., Muller H.R. (1983) Space-time variability of nutrients in a lagoon 
patch reef. Limnology and Oceanography 28: 215-227. 
Ang P.O. Jr. (2002a) A review on studies of marine algae in Hong Kong. Report 
submitted to Agriculture, Fisheries and Conservation Department, Hong Kong 
S A R Government. 
Ang P.O. Jr (2002b) Conservation of corals in Hong Kong. In: Proceedings of 
IUCN/WCPA-EA-4 Taipei Conference, March 18-23, 2002, Taipei, Taiwan. Tsai 
Huei-Min (ed.). Taiwan Organizing Committee for the Fourth Conference of the 
Protected Areas of East asia, Taipei, Taiwan, China. Pp. 277-295. 
Ang P.O. Jr., Chu L.M., Chu K.H., Wong C.K. Woo N.Y.S. (2000) Study on the 
suitability of Ping Chau to be established as Marine Park or Marine Reserve. 
Report submitted to Marine Parks Division, Agriculture, Fisheries and 
Conservation Department, Hong Kong S A R Government. 
Ang P.O. Jr., McCorry D., Choi L.S. (2003) Establishing a reference collection and 
field guides for Hong Kong scleractinian coral. Report submitted to Marine 
Conservation Division, Agriculture, Fisheries and Conservation Department, 
Hong Kong S A R Government. 
Antonius A. (2001) Pneophyllum conicum, a coralline red alga causing coral 
reef-death in Mauritius. Coral Reefs 19: 418. 
Bak R.P.M., Lambrechts D.Y.M., Joenje M., Nieuwland G , van Veghel M.L.J. (1996) 
Long term changes on coral reefs in booming populations of a competitive 
colonial ascidian. Marine Ecology Progress Series 133: 303-396. 
156 
Reference 
Bak R.P.M., Steward-Van Es Y. (1980) Regeneration of superficial damage in the 
scleractinian corals Agaricia agaricites F. purpurea and Porites astreoides. 
Bulletin of Marine Science 30(4) 883-887. 
Bak R.P.M.’ Sybesma J., van Duyl F.C. (1981) The ecology of the tropical compound 
ascidian Trididemnum solidum. 11. Abundance, growth and survival. Marine 
Ecology Progress Series 6: 43-52. 
Baker N.R., Bowyer J.R. (1994) Photoinhibition of photosynthesis from molecular 
mechanisms to the fields. BIOS Scientific publishers. 
Barnes D.J.’ Chalker B.E. (1990) Calcification and photosynthesis in reef building 
corals and algae. In: Dubinsky Z. (Ed.), Ecosystem of the world. Elsevier, N e w 
York, pp. 109-131. 
Beer S., Ilan M . (1998a) In situ measurements of photosynthetic irradiance responses 
of two Red Sea sponges growing under dim light conditions. Marine Biology 
131: 613-617. 
Beer S., Ilan M., Weil A., Brickner I. (1998b) Use of pulse amplitude modulated 
(PAM) fluorometry for in situ measurements of photosynthesis in two Red Sea 
faviid corals. Marine Biology 131: 607-612. 
Behrenfeld MJ。，Kolber Z.S (1999) Widespread iron limitation of phytoplankton in 
the South Pacific ocean. Science 283:840-843. 
Bell P.R.R, Elmetri I. (1995) Ecological indicators of large-scale eutrophication in the 
Great Barrier Reef. Ambio 24: 20-215. 
Boucher G , Clavier J., Garrigue C. (1994) Estimation of bottom ammonium affinity 
in he N e w Caledonia lagoon. Coral Reefs 13: 13-19. 
Brown B.E., Ambarsari I., Warner M.E., Fitt W.K., Dunne R.P., Gibb S.W., 
Cummings D.G.. (1999) Diurnal changes in photochemical efficiency and 
xanthophylls concentration in shallow water reef corals: evidence for 
photoinhibition and photoprotection. Coral Reefs 18: 99-105. 
157 
Reference 
Capone D.G., Dunham S.E., Horrigan S.G., Duguay L.E. (1992) Microbial nitrogen 
transformations in unconsolidated coral reef sediments. Marine Ecology 
Progress Series 80: 75-88. 
Carpenter R.C. (1986) Partitioning herbivory and its effects on coral reef algal 
communities. Ecological Monographs 56: 345-364. 
Carpenter R.C. (1990) Competition among marine macroalgae: a physiological 
perspectives. Journal of Phycology 26: 6-12. 
Chadwick N.E. (1988) Competition and locomotion in a free-living fungiid coral. 
Journal of Experimental Marine Biology and Ecology 123: 189-200. 
Chan W.Y., Ang P.O. Jr (2000) Comparision of growth and reproduction between two 
populations of Sargassum siliquastrum in Ping Chau, Hong Kong. Journal of 
Phycology 36(Supplementary): 11-12. 
Cheang C.C (1998) Interspecific competition of corals in Tung Ping Chau, H K S A R . 
Senior seminor report, The Chinese University of Hong Kong. 
Choi M.M. (2002) Monitoring coral bleaching of Porites lohata and predation of 
staghorn Acropora tumida by corallivorous gastropods in Tung Ping Chau, 
Hong Kong. M . Phil Thesis. The Chinese University of Hong Kong. 
Clark T.H. (1998) The distribution of hermatypic scleractinian corals in Cape 
D'Aguilar, Hong Kong. In the Marine Biology of South China Sea. Proceedings 
of the Third International Conference on the Marine Biology of the South China 
Sea, Hong Kong, 28 October - 1 November 1996. B. Morton (ed.). Hong Kong 
University Press, Hong Kong. pp. 151-164. 
Connell J.H. (1983) On the prevalence and relative importance of interspecific 
competition: evidence from field experiments. The American Naturalist 122: 
661-691. 
Coyer J.A., Ambrose R.F., Engle J.M., Carroll J.C. (1993) Interactions between corals 
and algae on a temperate zone rocky reef: mediation by sea urchins. Journal of 
Experimental Marine Biology and Ecology 167: 21-37. 
158 
Reference 
Crossland C.J. (1981) Seasonal growth of Acropora cf Formosa and Pocillopora 
damicornis on a high latitude reef (Houtman Abrolhos, Western Australia). In: 
Proceedings of the Coral Reef Symposium, Publish 1. pp. 663-668. 
D'Elia C.F., Webb K丄.，Porter J.W. (1981) Nitrate rich groundwater inputs to 
Discovery Bay, Jamaica: a significant source of N to local coral reefs. Bulletin 
of Marine Science 31: 903-910. 
De Nys R., Coll J.C., Price I.R. (1991) Chemically mediated interactions between the 
red alga Plocamium hamatum (Phodophyta) and the octocoral Sinularia cruciata 
(Alcyonaceae). Marine Biology 108: 315-320. 
De Ruyter van Steveninck E.D., Van Mulekom L.L., Breeman A.M. (1988) Growth 
inhibition of Lohophora variegata (Lamouroux) Womersley by scleractinian 
corals. Journal of Experimental Marine Biology and Ecology 115: 169-178. 
Delgado O., Lapointe B.E. (1994) Nutrient-limited productivity of calcareous versus 
fleshy macroalgae in a eutrophic, carbonate-rich tropical marine environment. 
Coral Reefs 13: 151-159. 
Denny M . (1988) Biology and mechanisms of the wave and swept Environment. 
Princeton University Press. 
Done T.J. (1992) Phase shifts in coral reef communities and their ecological 
significance. Hydrobiologia 247: 121-132. 
Duggins D.O., Eckman J.E., Sewell A.T. (1990) Ecology of understory kelp 
environments: II. Effects of Kelps on recruitment of benthic invertebrates. 
Journal of Experimental Marine Biology and Ecology 143: 27-45. 
Falkowski P.G., Kolber Z.S. (1995) Variations in chlorophyll fluorescence yields in 
phytoplankton in the world oceans. Australian Journal of Plant Physiology 22: 
341-355. 
Fitt W.K., Brown B.E., Warner M.E., Dunne R.P. (2001) Coral bleaching: 
interpretation of thermal tolerance limits and thermal threshold in tropical corals. 
Coral Reefs 20: 51-65. 
159 
Reference 
Franklin L.A., Forster R.M. (1997) The changing irradiance environment: 
consequences for marine macrophytes physiology, productivity and ecology. 
European Journal of Phycology 32: 207-232. 
Franklin L.A., Levavasseur G., Osmond C.B., Henley W.J., Ramus J.(1992) Two 
components of onset and recovery during photoinhibition of Ulva rotundata. 
Planta 186: 399-408. 
Genin A., Lazar B., Brenner S. (1995) Vertical mixing and coral death in the Red Sea 
following the eruption of Mount Pinatubo. Nature 377: 507-510. 
Genty B., Briantais J.-M., Baker N.R. (1989) The relationship between the quantum 
yield of photosynthetic electron transport and quenching of chlorophyll 
fluorescence. Biochemica et Biophysical Acta 990: 87-92. 
Hall V. R. (1997) Interspecific differences in the regeneration of artifical injuries on 
scleractinian corals. Journal of Experimental Marine Biology and Ecology 212: 
9-23. 
Hanelt D. (1996) Photoinhibition of photosynthesis in marine macraoalgae. Scientific 
Marina 60: 243-248. 
Hanelt D., Li J., Nultsch W . (1994) Tidal dependence of photoinhibition of 
photosynthesis in marine macrophytes of the South China Sea. Botanica Acta 
107; 66-72. 
Hansen J.A.D., Alongi D.M., Moriarty D.J.W., Pollard RC. (1987) The dynamics of 
benthic microbial communities at Davies reef, central Great Barrier Reef. Coral 
Reefs 6: 63-70. 
Henley W.J., Levavasseur G , Franklin L.A., Lindley ST., Ramus J., Osmond C.B. 
(1991) Diurnal responses of photosynthesis and fluorescence in Ulva rotundata 
acclimated to sun and shade in outdoor culture. Marine Ecology Progress Series 
75: 19-28. 
Hodgkiss I.J. (1984) Seasonal patterns of intertidal algal distribution in Hong Kong. 
Asian Marine Biology 1: 49-57. 
160 
Reference 
Hodgkiss I.J., Lee K.Y. (1983) Hong Kong seaweeds. Urban Council, Hong Kong. pp. 
1-4. 
Hoegh-Guldberg O., Smith G.J. (1989) The effects of sudden changes in temperature, 
light and salinity on the population density and export of zooxanthellae from the 
reef coral Stylophora pistillata Esper and Seriatopora hystrix Dana. Journal of 
Experimental Marine Biology and Ecology 129: 279-303. 
Hughes T.P. (1989) Community structure and diversity of coral reefs: the role of 
history. Ecology 70: 275-279. 
Hughes T.P. (1994) Catastrophes, phase shifts and large scale degradation of a 
Carribean coral reef. Science 265: 1547-1551. 
Huppertz K., Hanelt D., Nultsch W . (1990) Photoinhibition of photosynthesis in the 
marine brown alga Fucus serratus as studied in field experiments. Marine 
Ecology Progress Series 66: 175-182. 
Johnstone R., Koop K., Larkum A.W.D. (1989) Fluxes of inorganic nitrogen between 
sediments and water in a coral reef lagoon. Proceedings of Limnology Society 
N S W 110: 220-227. 
Jompa J., McCook L.J. (2002) Effects of competition and herbivory on interactions 
between a hard coral and a brown alga. Journal of Experimental Marine Biology 
and Ecology 271: 25-39. 
Jones R.J., Kildea T., Hoegh-Guldberg O. (1999) P A M Chlorophyll Fluorometry: a 
new in-situ technique for stress assessment in scleractinian corals, used to 
examine the effects of cyanide from cyanide fishing. Marine Pollution Bulletin 
38: 864-874. 
Kaehler S., Williams G.A. (1996) Distribution of algae in tropical rocky shores: 
spatial and temporal patterns of non-coralline algae in Hong Kong. Marine 
Biology 125: 177-187. 
Karlson R.H. (1999) Dynamics of coral communities. Kluwer, Dordrecht. 
161 
Reference 
Keats D.W., Chamberlain Y.M., Baba M . (1997a) Pneophyllum conicum (Dawson) 
comb. Nov. (Rhodophyta, Corallinaceae), a widespread Indo-Pacific 
non-geniculate coralline alga that overrows and kills live coral. Botanica Marina 
40: 263-279. 
Keats D.W., Knight M.A., Pueschel C.M. (1997b) Antifouling effects of epithallial 
shedding in three crustose coralline algae (Rhodophyta, Coralinales) on a coral 
reef. Journal of Experimental Marine Biology and Ecology 213: 281-293. 
Kennish R., Williams G.A., Lee S.Y. (1996) Algal seasonality on an exposed rocky 
shore in Hong Kong and the dietary implications for the herbivorous crab 
Grapsus albolineatus. Marine Biology 125: 55-64. 
Knowlton N. (1992) Threshold amd multiple stable states in coral reef community 
dynamics . American Zoologist 32: 674-679. 
Kolber Z. (1994) Iron limitation of phytoplankton photosynthesis in the equatorial 
Pacific Ocean. Nature 371: 145-149. 
Kolber Z., Falkowski R G (1993) Use of active fluorescence to estimate 
phytoplankton photosynthesis in situ. Limnology and Oceanography 
38:1646-1665. 
Kong S.L. (2002) Reproductive seasonality of Hypnea chaw ides (Rhodophyta) and 
algal recruitment in Ping Chau, N.T., Hong Kong SAR, China. M.Phil thesis. 
The Chinese University of Hong Kong. 
Krause G.H., Weis H. (1991) Chlorophyll fluorescence: the basics. Annual Review of 
Plant Physiology and Plant Molecular Biology 42: 313-349. 
Lang J.C., Chornesky E.A. (1990) Competition between scleractinian reef corals 一 a 
review of mechanisms and effects. In: Dubinsky Z (Ed) Ecosystem of the World, 
vol 25. Coral Reefs. Elsevier Amsterdam, pp 209-252. 
Lapointe B.E. (1989) Macroalgae production and nutrient relations on oligotrophic 
areas of Florida Bay. Bulletin of Marine Science 44: 312-323. 
162 
Reference 
Lapointe B.E. (1997) Nutrient thresholds for bottom-up control of macroalgal blooms 
on coral reefs in Jamaica and southeast Florida. Limology Oceanography 42: 
1119-1131. 
Lapointe B.E., Littler M.M., Littler D.S. (1987) A comparison of nutrient 一limited 
productivity in macroalgae from a Caribbean barrier reef and from a mangrove 
ecosystem. Aquatic Botany 28: 243-255. 
Lamed S.T. (1998) Nitrogen-versus phosphate-limited growth and sources of nutrient 
for coral reef macroalgae. Marine Biology 132:409-421. 
Lewis J.B. (1987) Measurements of groundwater seepage flux onto a coral reef: 
spatial and temperal variations. Limnology and Oceanography 32: 1165-1169. 
Lewis S.M. (1986) The role of herbivorous fishes in the organization at a coral reef 
community. Ecological Monographs 56: 183-200. 
Lipschultz, R, R. Smith, R. Kelty. (1998) Coral reef ecology laboratory and field 
protocols. Bermuda Biological Station for Research August 1998. 43 pp. 
Lirman D. (2001) Competition between macroalgae and corals: effects of herbivore 
exclusion and increased algal biomass on coral survivorship and growth. Coral 
Reefs 19: 392-399. 
Lirman D., Biber P. (2000) Seasonal dynamics of macroalgal communities of the 
Northern Florida reef tract. Botanica Marina 43: 305-314. 
Littler M.M., Littler D.S. (1997) Disease-induced mass mortality of crustose coralline 
algae on corla reefs provides rationale for the conservation of herbivorous fish 
stock. In: Proceedings of International Coral Reef Symposium, Publish 1. pp. 
719-725. 
Littler M.M., Littler D.S., Titlyanov E.A. (1991) Comparisions of N-and P-limited 
productivity between high granite islands versus low carbonate atolls in the 




Lombardi M.R., Lesser M.R, Gorbunov M.Y. (2000) Fast repetition rate (FRR) 
fluorometry: variability of chlorophyll a fluorescence yields in colonies of the 
corals, Montastraea faveolata (w.) and Diploria labyrinthiformes (h.) recovering 
from bleaching. Journal of Experimental Marine Biology and Ecology 252: 
75-84. 
Long S.R, Humphries S., Falkowski P.G. (1994) Photoinhibition of photosynthesis in 
nature. Annual Review of Plant Physiology 45: 633-662. 
Magnusson G. (1997) Diurnal measurements of Fv/Fm used to improve productivity 
estimates in macroalgae. Marine Biology 130: 203-208. 
McClanahan T.R., Aronson R.B., Precht W.F., Muthiga N.A. (1999) Fleshy algae 
dominate remote coral reefs of Belize. Coral Reefs 18: 61-62. 
McClanahan T.R., Muthiga N.A. (1998) An ecological shift among patch reefs of the 
Glovers Reef Atoll, Belize over 25 years. Envirnomental Conservations 25: 
122-130 
McCook L.J. (1999) Macroalgae, nutrients and phase shifts on coral reefs: scientific 
issues andmanagement consequences for the Great Barrier Reef. Coral Reefs 18: 
357-367. 
McCook L.J. (2001) Competition between corals and algal turfs along a gradient of 
terrestrial influence in the nearshore central Great Barrier Reef. Coral Reefs 19: 
419-425. 
McCook L.J., Jompa J., Diaz-Pulido G. (2000) Competition between corals and algae 
in coral reefs: a review of evidence and mechanisms. Coral Reefs 19: 400-417. 
McCook L.J., Jompa J., Diaz-Pulido G. (2001) Competition between corals nad algae 
on coral reefs: a review of evidence and mechanisms. Coral Reefs 19: 400-417. 
Meyer J.L., Schultz E.T. (1985) Migrating haemulid fishes as a source of nutrients 
and organic matter on coral reefs. Limnology and Oceanography 30: 146-156. 
164 
Reference 
Miller M . W . (1998) Coral/Seaweed competition and the control of reef community 
structure within and between latitudes. Oceanography and Marine Biology 
Annual Review 36: 65-96. 
Miller M.W., Hay M.E. (1996) Coral-seaweed-grazer-nutrient interactions on 
temperature reefs. Ecological Monographs 66: 323-344. 
Miller M.W., Hay M.E. (1998) Effects of fish predation and seaweed competition on 
the survival and growth of corals. Oecologia 113: 231-238. 
Morton B., Harper E. (1995) An introduction to the Cape d'Aguilar Marine Reserve, 
Hong Kong. Hong Kong University Press, pp. 6-8. 
Muller-Parker G. (1994) Photosynthesis-irradiance responses and photosynthetic 
periodicity in the sea anemone Aiptasia pulchella and its zooxanthellae. Marine 
Biology 82: 225-232 
Nascimento S.M., Feliciano de Oliveira e Azevedo S.M. (1999) Changes in cellular 
components in a cyanobacterium (Synechocystis aquatilis f. salina) subjected to 
different N/P ratios — an ecophysiological study. Environmental Toxicology 14: 
37-44. 
Negri A.P., Hey ward A. J. (2000) Inhibition of fertilization and larval metamorphosis 
of the coral Acropora mill ep or a (Ehrenberg, 1834) by petroleum products. 
Marine Pollution Bulletin 41: 420-427. 
Olson A.M., Lubchenco J. (1990) Competition in seaweeds: Linking plant traits to 
competitive outcomes. Journal of Phycology 26: 1-6. 
Osmond C.B. (1994) What is photoinhibition? Some insights from comparisions of 
shade and sun plants. In: Baker N.R., Bowyer J.R. (Eds) Photoinhibition of 
photosynthesis. Bios Scientific Publishers. Oxford pp 1-24. 
Patterson M.R. (1992) A chemical engineering view of cnidarian symbioses. 
American Zoologist 32: 566-582. 
Plucer-Rosario G. (1987) The effect of substratum on the growth of Terpios, an 
encrusting sponge which kills corals. Coral Reefs 5: 197-200. 
165 
Reference 
Potts D.C. (1977) Suppression of coral populations by filamentous algae within 
damselfish territories. Journal of Experimental Marine Biology and Ecology 28: 
207-216. 
Powles S.B. (1984) Photoinhibition of photosynthesis induced by visible light. Annual 
Review of Plant Physiology 35: 15-44. 
Ralph RJ.，Gademann R., Larkum A.W.D., Schreiber U. (1999) In situ measurement 
of photosynthetic activity of coral zooxanthellae and other reef-dwelling 
dinoflagellate endosymbionts. Marine Ecology Porgress Series 180: 139-147. 
River GF., Edmunds P.J. (2001) Mechanisms of interaction between macroalgae and 
scleractinians on a coral reef in Jamaica. Journal of Experimental Marine 
Biology and Ecology 261: 159-172. 
Riitzer K., Muzik K. (1993) Terpios hoshinota, a new cyanobacteriosponge 
threatening Pacific reefs. In: Uriz M.J. and Riitzer K (Ed) Recent Advanced in 
Ecology and Systematics of Sponges. Scientia Marina 57: 395-403. 
Sammarco P.W., Coll J.C., Labarre S.L. (1985) Competitive strategies of soft corals 
(Colenterate Octocorallia) II. Variable defensive responses and susceptibility to 
scleractinian corals. Journal of Experimental Marine Biology and Ecology 91: 
199-215. 
Schaffelke B. (1999) Short-term nutrient pulses as tools to assess responses of coral 
reef macroalgae to enhanced nutrient availability. Marine Ecology Progress 
Series 182: 305-310. 
Schoener T.W. (1983) Field experiments on interspecific competition. The American 
Naturalist 122: 240-285. 
Schreiber U., Bilger W., Schliwa U. (1986) Continuous recording of photochemical 
and non-photochemical chlorophyll fluorescence quenching with a new type of 
modulation fluorometer. Photosynthesis Research 10: 51-62. 




Sebens K.R (1987) The ecology of indeterminate growth in animals. Annual Review 
of Ecology and Systematics 18: 371-407. 
Slattery M.，Hines G.A., Starmer J., Paul V.J. (1999) Chemical signals in 
gametogenesis, spawning, larval settlement and defense of the soft coral 
Sinulariapolydactyla. Coral Reefs 18: 75-84. 
Smith J.E., Smith C.M., Hunter C.L. (2001) An experimental analysis of the effects of 
herbivory and nutrient enrichment on benthic community dynamics on a 
Hawaiian reef. Coral Reefs 19: 332-342. 
Smith S.V., Kimmerer E.A., Brock R.E., Walsh T.W. (1981) Kaneohe Bay sewage 
diversion experiment: Perspectives on ecosystem responses to nutritional 
perturbation. Pacific Science 35: 279-379. 
Sundberg B., Campbell D., Palmqvist K. (1997) Predicting C02 gain and 
photosynthetic light acclimation from fluorescence yield and quenching in 
cyano-lichens. Planta 201: 138-145. 
Suzuki Y., Takabayashi T., Kawaguchi T. (1998) Isolation of an allelopathic substance 
from the crustose coralline algae, Lithophyllum spp., and its effect on the brown 
alga, Laminaria religiosa Miyabe (Phaeophyta). Journal of Experimental Marine 
Biology and Ecology 225: 69-77. 
Tanner J.E. (1995) Competition between scleractinian corals and macroalgae: an 
experimental investigation of coral growth, survival and reproduction. Journal of 
Experimental Marine Biology and Ecology 190: 151-168. 
Thacker R.W., Ginsburg D.W., Paul V. J. (2001) Effects of herbivore exclusion and 
nutrient enrichment on coral reef macroalgae and cyanobacteria. Coral Reefs 19: 
318-329. 
Veron J.E.N. (1982) Hermatypic Scleractinia of Hong Kong 一 an annotated list of 
species. In Proceedings of the First International Marine Biological Workshop: 
The Marine Flora and Fauna of Hong Kong and Southern China, 1980, Hong 
Kong. B. Morton (ed.). Hong Kong University Press, Hong Kong. pp. 883-889. 
167 
Reference 
Veroii J.E.N. (2000) Corals of the World. Australian Institute of Marine Science. Vol 3. 
pp. 284-285. 
Vincente V.P. (1990) Overgrowth activity by the encrusting sponge Chondrilla nucula 
on a coral reef in Puerto Rico. In: K.Riitzler (Ed) N e w Perspectives in Sponge 
Biology. Smithsonian Institution, Washington, pp. 436-442. 
Wachenfeld D. (1998) State of the Great Barrier ReefWorl Heritage Area. G B R M P A , 
Townsville, pp.139. 
Williams S.L., Carpenter (1988) Nitrogen-limited primary productivity of coral reef 
algal turfs: potential contribution of ammonium excreted by Diadema antillarum. 
Marine Ecology Progress Series 47: 145-152. 
Williams S.L., Yarish S.M., Gill J.P. (1985) Ammonium distributions, productions, 
and efflux from backreef sediments, St. Croix, US Virgin Islands. Marine 
Ecology Progress Series 24: 57-64. 
Zou R.L. (1982) A numerical taxonomic study of Turbinaria (Scleractina) from Hong 
Kong. In Proceedings of the First International Marine Biological Workshop: 
The Marine Flora and Fauna of Hong Kong and Southern China, 1980, Hong 
Kong. B. Morton and C.K. Tseng (eds.). Hong Kong University Press, Hong 
Kong. pp. 127-134. 
Zou R.L., Wang Z.H., Cheung C.RS. (1992) A resurvey of the corals at Hoi Ha Wan, 
after eight years and the Tai Leng Tun borrow area. In The Marine Flora and 
Fauna of Hong Kong and Southern China III. Proceedings of Fourth 
International Marine Biological Workshop: The Marine Flora and Fauna of 
Hong Kong and Southern China, 1989, Hong Kong. B. Morton (ed.). Hong 







llllllllllllllllllll saLJBjqLH XHnO 
